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Phenotypic plasticity has been a long-standing source of taxonomic difficulty in 
many algal groups. Nowhere is this more evident than in the siphonous green 
algal genera, Caulerpa, which although consisting of a single cell, display a 
complex habit with the thallus differentiating into stolons, rhizoids, and upright 
fronds, many also bearing branchlets. Environmentally controlled phenotypic 
plasticity in all morphological characters has led to much confusion, 
misidentification and a cumbersome classification scheme. Furthermore, recent 
molecular studies have added to this confusion by uncovering considerable 
conflict between morphological and molecular species concepts. A framework to 
resolve the taxonomy and match previously described names with newly 
obtained molecular data has remained an elusive goal to date for this group. The 
present thesis aimed to resolve the taxonomy of Caulerpa species found in 
Australian waters and in so doing, provide a best practice framework for 
integrating historical nomenclature into molecular taxonomies.  
Using a combination of phylogenetic and species-delimitation approaches 
of partial tufA and rbcL gene sequences, I first determined the number of genetic 
species within a globally sampled set of “C. racemosa-peltata complex” 
specimens. Guided by these results, comparative morphological examinations 
were then undertaken to gauge the extent of phenotypic plasticity within each 
species, as well as any morphological overlap between them. This approach was 
combined with detailed observations of type and herbarium specimens, and 




taxonomic updates. Using this framework I then tackled the taxonomies of the 
species rich Caulerpa floras of north-western and southern Australia.  
Unsurprisingly, results confirmed some serious mismatches between 
morphological and molecular species concepts in the genus, most evident in the 
C. racemosa-peltata complex. I describe a number of new species and make a 
large number of taxonomic changes. A number of range extensions for some 
species were also uncovered, most importantly, the recent southerly extension of 
C. cylindracea into Victorian waters (previously C. racemosa var. cylindracea), 
one of the most notorious invasive seaweeds in the world. With an accurate DNA 
barcode for C. cylindracea, I was then able to use Genbank records and newly 
obtained data in order to obtain an accurate global distribution for the species. 
Using this dataset species distribution modelling was used to predict future 
spread, and identified areas at risk of invasion along the coasts of Western 
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 Phenotypic plasticity has been a long-standing source of taxonomic 
difficulty in many algal groups, having led to much confusion, misidentifications, 
nomenclatural quagmires, incorrect biodiversity estimates, and confusing 
classification schemes (e.g., Bacillariophyceae: Mann 2010; Chlorophyta: Leliaert 
et al. 2009; Phaeophyceae: Tronholm et al. 2010; Rhodophyta: Saunders 2008). 
Fortunately, the advent of molecular tools has provided researchers with an 
independent and convenient means to delimit and identify species in 
taxonomically challenging groups (e.g., Verbruggen et al. 2007, Saunders 2008, 
Leliaert et al. 2009, Mann 2010, Tronhlm et al. 2010). These tools, however, have 
also presented algal taxonomists with several new problems. First, considerable 
conflict between morphological and molecular species concepts has been 
uncovered (e.g., Leliaert et al. 2009, Tronholm et al. 2012); secondly, molecular 
data are revealing an overwhelming diversity of species, many cryptic, at a rate 
far greater than formal descriptions are being made (De Clerck et al. 2013); and 
thirdly, as molecular-based studies continue to show increased rates of species 
discovery and mismatches between molecular and morphological species 
concepts. The greatest challenge for algal taxonomy in the future will be how to 
designate names, including those that have been previously described, to newly 
sequenced specimens. Solving this problem will speed up the process of 
accurately naming the many misidentified and ‘dark taxa’ (genetically distinct 
specimens that have not been linked to existing species or that have not been on 
GenBank. (De Clerck et al. 2013). 
Several strategies for dealing with this challenge have been suggested. It 




topotype material similar in morphology to the type specimen) be designated as 
epitypes by experienced taxonomists (Tautz et al. 2003, Evans and Mann 2009, 
Bock et al. 2011, Saunders and McDevit 2012). However, how can one be sure 
that the epitype is identical to the type specimen when the type specimen is 
unavailable (e.g. lost, in poor condition, based on a drawing) or if the type 
locality is unknown, vague (e.g., “Western Australia”), significantly altered since 
the original collection (e.g., Suez, Egypt) or contains a number of genetic species 
with similar morphology? Furthermore, how does one confidently match names 
and type specimens to newly collected specimens in groups where high levels of 
phenotypic plasticity and/or cryptic species are known to occur? If we are to 
positively pinpoint the species in question, the only strategy leading to an 
unequivocal solution is to sequence the type material itself. It is for these reasons 
that Hughey and Gabrielson (2012), citing a number of examples, concluded that 
where possible, all type specimens, including their synonyms, should be 
sequenced. Although we agree with this in principle, as discussed by Saunders 
and McDevit (2012) and De Clerck et al. (2013) it is a time-consuming (and 
partially destructive) process hampered by the large number of synonyms and 
infraspecific taxa. In addition, in many instances this approach will not be 
possible due to type specimens being unavailable (e.g., administrative controls 
on destructive sampling, specimens destroyed, lost or types not yet designated) 
or because usable DNA cannot be extracted and amplified (e.g., original specimen 
was formalin-preserved). We will thus more than likely have to continue to rely 
on morphological information to resolve most remaining taxonomic problems. 
The question of how likely we are to be able to assign old names to new taxa 




in algal systematics. However, as algal species continue to become established 
outside of their native ranges (e.g., Caulerpa racemosa, Codium fragile, Undaria 
pinnitifida, Sargassum muticum), and molecular data reveal an overwhelming 
diversity of species, many cryptic, at a rate far greater than formal descriptions 
are being made, we are at the point in algal systematics where we need to be 
pragmatic and revise taxonomies to the best of our abilities to move algal 
taxonomy forward. 
The taxonomy of Caulerpa Lamouroux faces a number of the 
aforementioned issues. Caulerpa is a well-known and distinctive genus with over 
350 associated species and infraspecific taxon names, of which about 85 species 
are currently accepted (Guiry and Guiry 2013). Although lacking transverse cell 
walls (= siphonous thallus), Caulerpa species display a complex habit, with the 
thallus differentiating into stolons, rhizoids, and upright assimilators (= fronds) 
that usually bear ramuli (= branchlets; Fritsch 1965). The morphology of these 
various structures has been historically used for species delimitation. However, 
environmentally controlled phenotypic plasticity in all these characters, but 
especially in the ramuli, has led to much confusion, a large number of synonyms, 
and a classification scheme involving subspecies, varieties, forms, and “ecads ” 
(Peterson 1972, Calvert et al. 1976, Ohba and Enomoto 1987, Coppejans and 
Prud’homme van Reine 1992, de Senerpont Domis et al. 2003). Furthermore, 
there can appear to be continuous morphological gradations between many 
species (e.g. C. cupressoides/ urvilleana/ serrulata) and, as discussed by Svedelius 
(1906: 101), if a purely morphological standpoint was used to define species 
“one might just as well reduce the whole genus to one, or a few species”. 




confusion with the uncovering of a considerable conflict between morphological 
and molecular species concepts (Fama et al. 2002, de Senerpont Domis et al. 
2003, Stam et al. 2006 and Sauvage et al. 2013). However, none of these studies 
have dared make any taxonomical changes, with the authors largely agreeing 
that the matching of previously described names with newly obtained molecular 
data is an extremely difficult task. This has left hundreds of clearly misidentified 
Caulerpa specimens on Genbank, the taxonomy of the genus in disarray and the 
ability to accurately and rapidly identify Caulerpa species an almost impossible 
task for government agencies and non-specialists; a factor that is becoming 
increasingly important as Caulerpa species continue to become established 
outside of their native ranges (e.g., Meinesz and Hesse 1991, Jousson et al. 2000, 
Womersley 2003, Lapointe et al. 2005, Amat et al. 2008, Jongma et al. 2013, 
Perez-Estrada et al. 2013). 
With this in mind the present thesis aims to resolve the taxonomy of 
Caulerpa in Australian waters, and in so doing provide a best practice framework 
of how to integrate historical nomenclature into molecular based taxonomies. 
In Chapter 2 this framework was applied to tackle the most taxonomically 
troublesome taxa of the genus: those currently associated with C. racemosa  
(Forsskål) J. Agardh and C. peltata J. V. Lamouroux, commonly referred to as the 
C. racemosa–peltata complex, which has more than 30 described varieties and 
forms (most given in Guiry and Guiry 2013). First the number of genetic species 
were determined within a globally sampled data set through a combination of 
phylogenetic and species-delimitation approaches of partial elongation factor TU 
(tufA) and RUBISCO large subunit (rbcL) gene sequences. Guided by these 




gauge the extent of phenotypic plasticity within each species, as well as any 
morphological overlap between them. A serious mismatch was found between 
morphological and molecular species concepts in the genus, most evident in the 
C. racemosa-peltata complex, but also clearly evident in species currently 
assigned to C. brachypus Harvey and C. verticillata J. Agardh. A number of new 
species were uncovered in the complex as well as a large number of taxonomic 
changes (synonyms, stat. nov.,  nom. nov. etc…). Based on these results, as well as 
detailed observations of type, type descriptions and historical herbarium 
specimens, taxonomic proposals of the C. racemosa-peltata complex taxa were 
made and reference sequences were provided for all examined species. A 
number of range extensions were also identified for some species, most 
importantly, C. cylindracea (previously C. racemosa var. cylindracea), one of the 
most notorious and invasive seaweeds in the world, which was shown to be an 
independent species with a native distribution throughout the tropical Indo-
Pacific.  
Using the framework developed in Chapter 2, Chapters 3 and 4 tackle the 
diversity of Caulerpa in North-western Australia and Southern Australia, 
respectively. A large number of specimens were newly collected and tufA and 
rbcL sequences generated, including a number of species sequenced for the first 
time (e.g. C. agardhii Weber Bosse, C. heterophylla I.R. Price, J.M. Huisman & M.A. 
Borowitzka). Results indicate an underestimation of Caulerpa diversity in both 
regions, a number of important range extensions as well as a large number of 
required taxonomic changes. In Chapter 3, C. delicatula Grunow, C. parvifolia 
Harvey and C. urvilleana Mont. are reinstated as distinct species. In Chapter 4 C. 




is reinstated. A new name, Caulerpa lucasii nom. nov., is proposed for C. annulata. 
Caulerpa corynephora and C. fergusonii are newly reported from the region. 
Furthermore, one of the most important findings of Chapter 3 was the recent 
extension of C. cylindracea, into Victorian waters around Portland. The fact that 
these adventive populations are found in shipping harbors, points to boating 
traffic as the most likely vector of introduction. From both chapters, reference 
tufA sequences have been published and an updated nomenclature and 
identification key for Caulerpa species for both regions is provided.  
Lastly, with an accurate DNA barcode for C. cylindracea (based on results 
from Chapter 2), Chapter 5 examines the use of all available Genbank records, as 
well as newly obtained data, to obtain an accurate global distribution (native and 
invasive) for the species. Using this dataset species distribution models were 
developed in order to predict the future spread of C. cylindracea. This approach 
identifies areas at risk from potential future invasion, including along the coasts 
of western Europe, western Africa and the south coast of Australia.  This work 
demonstrates that, if available, occurrence records from the native and invasive 
ranges should be combined to produce models with high predictive power while 
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Chapter 2: Resolving phenotypic plasticity and species 
designation in the morphologically challenging Caulerpa 






























































































































































































Chapter 4: A taxonomic reassessment of Caulerpa 
(Chlorophyta, Caulerpaceae) in southern Australia based on 





Fig. 1. Phylogenetic tree of Caulerpa based on a Bayesian Inference analysis of 
335 tufA sequences (820 nt) showing GMYC lineages supported by long 
branch/high posterior probabilities. Southern Australian species are in larger 
bold font and numbers at nodes correspond to posterior probabilities resulting 
from the Bayesian analysis. Boldface = newly obtained sequences. * indicates 
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ABSTRACT  
Although recent molecular based taxonomic investigations of the green algal genus 
Caulerpa have shown a mismatch between morphological and molecular species 
concepts, no studies have specifically focused on the species rich Caulerpa flora of 
southern Australia. The present study investigated the molecular variation of 
Caulerpa using tufA and rbcL DNA sequences of specimens from 24 of the 29 taxa 
known from the region. Based on both molecular and morphological data, Caulerpa 
coppejansii sp. nov. and Caulerpa crispata stat. nov. are described; and Caulerpa 
muelleri and Caulerpa parvifolia are reinstated. A new name, Caulerpa lucasii nom. 
nov., is proposed for Caulerpa annulata. Caulerpa corynephora and Caulerpa 
fergusonii are newly reported from the region and a newly established population of 
Caulerpa cylindracea from Portland, Victoria is also reported. Reference tufA 
sequences, an updated nomenclature and identification key for southern Australian 
Caulerpa species are provided.  
 
INTRODUCTION 
The green algal genus Caulerpa J.V. Lamouroux is one of the most 
widespread, diverse and conspicuous green macroalgal genera in the world. Nowhere 
is this diversity more evident than in the temperate and floristically rich waters of 
southern Australia, where Caulerpa species can grow to over 50 cm in height and 




Caulerpa in southern Australia has a history dating back more than 200 years, since 
the first species description based on specimens collected by R. Brown and described 
by Turner in 1809–1811 (as Fucus cactoides R. Brown ex Turner; F. hypnoides R. 
Brown ex Turner; F. scalpelliformis R. Brown ex Turner; F. sedoides R. Brown ex 
Turner; F. simpliciusculus R. Brown ex Turner). Other notable works on the genus 
include several new species described by Harvey (1858–1863) and J. Agardh (1873), 
through to the more recent account by Womersley (1984). Womersley (1984) 
provided the most comprehensive and complete work on the genus in southern 
Australia to date, listing 19 species, two varieties and one forma. Since then, 
populations of C. taxifolia (H. West) C. Agardh have become established in South 
Australia (Womersley 2003) and New South Wales (Schaffelke et al. 2002). 
Furthermore, five taxa have been listed (Huisman & Walker 1990; Huisman 2000) or 
described (Carruthers et al. 1993; Price et al. 1998) from the region, whilst others 
have had their taxonomic status changed (Millar & Kraft 1994; Silva et al. 1996; 
Price 2011; Jongma et al. 2012; Belton et al. accepted). As it currently stands, there 
are 24 species (17 of these endemic), three varieties and two forms known from the 
region (Table 1). However, although C. sedoides C. Agardh has priority over C. 
geminata Harvey, being described 38 years prior (Silva et al. 1996), many authors 
have incorrectly used C. geminata for C. sedoides f. geminata (Harvey) Weber-van 
Bosse specimens (e.g. Huisman 2000; Littler & Littler 2003; Edgar 2008), most 
likely due to the incorrect use of C. geminata by Womersley (1984).  
The morphological structure of Caulerpa (and the monospecific genus 
Caulerpella Prud’homme & Lokhorst) is unique in that, despite being unicellular and 
lacking transverse cell walls, specimens can grow to a remarkably large size and be 




assimilators, which usually bear branchlets, termed ramuli. Species have historically 
been characterized by differences in assimilator branching patterns, shape of ramuli, 
and stolon morphology, as no genus-wide cellular or anatomical features (e.g. 
reproductive structures) have been found to aid in delimiting species, although the 
presence/ absence of pyrenoids have been used to distinguish between some species 
(Calvert et al. 1976; Coppejans and Prud’homme van Reine 1992; Price 2011). 
Unfortunately, Caulerpa species can display remarkably high levels of plasticity in 
all nearly morphology characters (Peterson 1972; Calvert et al. 1976; Ohba & 
Enomoto 1987; de Senerpont Domis et al. 2003; Belton et al. accepted) and this has 
lead to much confusion, the description of a large number taxa (> 350, Guiry & Guiry 
2013) and a classification scheme involving varieties, forms and ‘ecads’.  
As a result, in recent years molecular tools have been readily embraced by 
researchers working on the genus (Famà et al. 2002; de Senerpont Domis et al. 2003; 
Verlaque et al. 2003; Stam et al. 2006; Wynne et al. 2009; Jongma et al. 2013; 
Sauvage et al. 2013; Belton et al. 2014). However, rather than alleviating taxonomic 
issues, these studies have found the genus to be plagued by an unstable taxonomy and 
a nomenclature difficult to untangle. Even under recently generated molecular 
evidence, researchers have hesitated to make taxonomic changes. One major factor 
deterring taxonomic changes is the absence of molecular data from type material or 
type localities (= topotype material), particularly from species with apparently 
widespread geographic distribution and high levels of phenotypic plasticity. 
Moreover, although genetic information can be obtained from older type specimens 
(e.g. Hughey & Gabrielson 2012), it is unlikely to be possible in the majority of cases 
due to type specimens being unavailable (e.g. administration controls, destroyed, lost, 




cannot be extracted (e.g. original specimen was formalin-preserved). Furthermore, 
many Caulerpa type localities are unknown, vague (e.g. “Southern coast of 
Australia”) or contain a number of genetic species with similar morphologies (Belton 
et al. 2014). 
It is for this reason that many authors (De Clerck et al. 2012; Saunders & 
McDevit 2012) have called for more pragmatic approaches based on well sampled 
DNA phylogenies (e.g. Belton et al. 2014) in order to resolve the taxonomy of the 
genus and thus speed up the process of accurately naming the many misidentified and 
‘dark taxa’ (genetically distinct specimens that have not been linked to existing 
species or that have not been formally described as new species; Page 2013) on 
GenBank. As a number of Caulerpa species have recently become established 
outside of their native ranges (e.g. C. cylindracea Sonder (Klein & Verlaque 2008), 
C. taxifolia (Meinesz & Hesse 1991), C. webbiana Montagne  (Amat et al. 2008), C. 
brachypus f. parvifolia (Harvey) A. B. Cribb (Lapointe et al. 2006), C. ollivieri 
Dostál (Lapointe et al. 2005), C. taxifolia var. distichophylla (Sonder) Verlaque, 
Huisman & Procacini (Jongma et. al. 2013) and C. verticillata J. Agardh (Pérez-
Estrada et al. 2013)), having accurately identified GenBank sequences is especially 
important for rapid identification of newly established populations. 
As no molecular based studies have focused on the Caulerpa rich flora of 
southern Australia, the taxonomic status of the many infra-specific taxa and 
synonyms from this region remains unknown. As such, the goal of the present study 
was to investigate the molecular and morphological variation of Caulerpa from 
southern Australian in order to: (1) assess Caulerpa species diversity in the region; 
(2) provide an updated taxonomic (i.e. nomenclatural and classification) revision for 




Kraft (2007), Price (2011), Belton et al. (2014) and Belton et al. (2015), and (3) 
provide reference DNA sequences for species from the region to assist with rapid and 
accurate molecular assisted identifications in future studies. 
 
MATERIALS AND METHODS  
 Specimens were newly collected for the present study along the coastline of 
southern Australia (sensu Womersley 1984) between Perth, Western Australia and 
the Victorian/ New South Wales border and Tasmania (Table 2). We aimed to collect 
species from across their ranges, and where possible, also from their type localities. 
Although not considered as being a part of the southern Australian flora (sensu 
Womersley 1984), C. filiformis (Suhr) Hering is known from the Sydney region of 
New South Wales (Millar & Kraft 1994), and as this region experiences annual sea 
surface temperatures similar to those of southwestern Australia (www.bom.gov.au), 
we felt it appropriate to include it in the present study. Caulerpa filiformis from 
South Africa was also collected for comparison to Australian specimens of the same 
species. Caulerpa hodgkinsoniae J. Agardh specimens from northern New South 
Wales (= type locality) were also newly collected. Caulerpa sedoides, a species 
described from southern Australia but often reported from tropical locations 
(Coppejans et al. 1998; Littler & Littler 2003 as C. geminata), was also collected 
from tropical Australia (Heron, Lord Howe and Norfolk Islands) and Fiji for 
comparison to southern Australian (= type locality) specimens. In order to further 
clarify the identity of the tropical C. sedoides entity, we also collected specimens 
with vesiculate ramuli and constricted pedicels from tropical Australia, including: C. 
corynephora Montagne, C. fergusonii Grunow ex G. Murray, C. opposita Coppejans 




 With all newly collected specimens, a clean part of the thallus was preserved in 
silica gel for molecular analysis with the remainder of the specimen either preserved 
in 5% formalin/seawater, desiccated in silica gel or press dried fresh and free of 
chemicals onto herbarium sheets. Specimen vouchers were housed at AD, GENT, L, 
PERTH, UNB or US (abbreviations follow Holmgren et al. 1990). Details of all the 
specimens collected and used in the present study are listed in Table 3. 
 Molecular phylogenetic analyses and species delimitation were based on tufA 
and rbcL DNA sequences. DNA extraction, PCR amplification and sequencing were 
performed using the methods described in Belton et al. (accepted) with representative 
specimens from each lineage also being sequenced for the rbcL gene. Newly 
generated sequences were compared to that of the National Centre for Biotechnology 
Information (NCBI) database using BLAST (http://www.ncbi.nlm.nih.gov) to check 
for contaminants and were then submitted to GenBank (Table 3). Newly generated 
tufA and rbcL sequences were added to the associated alignments from Belton et al. 
(accepted) using Clustal X (Larkin et al. 2007), which included sequences from the 
works of Hanyuda et al. (2000), Famà et al. (2002), de Senerpont Domis et al. 
(2003), Stam et al. (2006), Verbruggen et al. (2009), Wynne et al. (2009), Maeda et 
al. (2012) Jongma et al. (2013), Sauvage et al. (2013), Belton et al. (2014) and 
Belton et al. (). A concatenated alignment was not created, as in many instances we 
were unable to obtain sequences of both markers for all lineages.  
 Bayesian Inference was performed using BEAST v.1.7 (Drummond et al. 2006; 
Drummond & Rambaut 2007) with the three codon positions completely unlinked, an 
uncorrelated lognormal clock model and branch lengths in substitution. The tufA and 
rbcL alignments were both analyzed using the GTR+I+G model of sequence 




(Guindon & Gascuel 2003; Posada 2008). The Markov Chain Monte Carlo (MCMC) 
was started from a UPGMA tree and run for 20 million generations, sampled every 
1,000th generation. A constant population size coalescent prior was used as tree prior 
and all other priors and operators were kept at their default values. MCMC runs were 
monitored in Tracer v.1.4.2 (Rambaut & Drummond 2007) and the ESS values were 
all above 200 for each run. The first 1,000 trees were removed as the burn-in before 
generating summary statistics and final consensus trees. Final trees were created and 
edited in FigTree v.1.3.1 (Drummond & Rambaut 2007).  
 Using the tufA dataset, species were delimited using the Generalized Mixed 
Yule Coalescent (GMYC) model to define the species boundary (Pons et al. 2006; 
Monaghan et al. 2009). The GMYC method has been shown to be useful in a number 
of macroalgal studies (e.g. Leliaert et al. 2009; Tronholm et al. 2012; Payo et al. 
2013; Silberfeld et al. 2013; Belton et al. accepted). The ultrametric tree required for 
the GMYC analysis was constructed using the Bayesian Inference methods described 
above but with the tree log file being created without branch length in substitution. 
GMYC analyses were performed under the single-threshold model using the SPLITS 
package for R (R Development Core Team 2009; package available at http://r-
forge.r-project.org/projects/splits/). GMYC approach used in this study is also the 
same described in Belton et al. (accepted). GMYC lineages were recognized as 
species only if they were also strongly supported (Posterior Probability (PP) = 0.95) 
and preceded by a relatively long branch and with low intraspecific sequence 
diversity (Leliaert et al. 2009; Dijoux et al. 2013; Belton et al. accepted).  
 Specimens were then morphologically identified based on observations of type 
specimens, descriptions and the following references: Turner (1809–1819), Harvey 




(1900), Lucas (1936), Chapman (1956), Womersley (1984), Adams (1994), 
Coppejans et al. (1998) and Price (2011). Morphological variation within and 
between each molecularly defined species was then characterized by examining each 
specimen for rhizoid form, stolon width, assimilator height, and ramuli shape, size 
and arrangement as well as the presence/absence of pyrenoids (visible under light 
microscope after Lugol’s iodine stain). 
 
RESULTS  
 Over 200 specimens were newly collected from southern Australia during the 
present study, representing 21 morphological species, two varieties and two forma 
(Table 2). The following southern Australian species were unable to be located 
during the present study: C. articulata Harvey, C. ellistoniae Womersley, C. 
cupressoides (H. West) C. Agardh, C. lagara Carruthers, Walker & Huisman and C. 
simpliciuscula var. laxa Womersley. Until these taxa are freshly collected and 
sequenced, we are unable to provide detailed comments on their taxonomic and 
phylogenetic status. However, specimens corresponding to C. fergusonii, not 
previously reported from southern Australia, were newly collected in southwestern 
Australia during the present study.  
 From the newly collected specimens, 95 tufA and 43 rbcL sequences were 
generated (Table 3). The tufA alignment consisted of 335 sequences and was 820 bp 
in length. The rbcL alignment consisted of 83 sequences and was 677 bp in length. 
After several attempts were unable to obtain rbcL sequences for C. alternans 
Womersley, C. corynephora, C. hodgkinsoniae, C. lentillifera and the tropical C. 
sedoides specimens. Support in both the tufA and rbcL trees was greater towards the 




the trees (Figs 1 & 2). The rbcL and tufA datasets produced trees with slightly 
different topologies and statistical support, but the lineages including southern 
Australian specimens were identical (Figs 1 & 2). The most significant incongruence 
between rbcL and tufA tree topologies referred to the positions of the C. hedleyi 
Weber-van Bosse, C. cupressoides and C. serrulata (Forsskål) J. Agardh lineages. In 
the tufA phylogram, C. hedleyi formed a sister lineage to the section that included C. 
alternans, C. heterophylla I.R. Price, J.M. Huisman & M.A. Borowitzka, C. obscura 
Sonder, C. flexilis J.V. Lamouroux, C. flexilis var. muelleri (Sonder) Womersley, C. 
trifaria Harvey and C. brownii (C. Agardh) Endlicher (PP = 1, Fig. 1), whereas in the 
rbcL tree it formed a poorly supported sister lineage to Caulerpella ambigua (PP < 
0.5, Fig. 2). The position of C. flexilis var. muelleri (as C. muelleri Sonder in Figs. 1 
& 2) also varied from being sister to C. flexilis in the rbcL tree (PP = 1) to falling 
outside the C. trifaria/ C. brownii/ C. flexilis lineage in the tufA tree (unsupported). 
Caulerpa cupressoides and C. serrulata were closely related in the tufA tree (PP = 
0.92) but were distantly related in the rbcL tree (Figs 1 & 2). In both the tufA and 
rbcL trees, Caulerpella ambigua clustered within Caulerpa and not as a separate 
genus (Figs 1 & 2).  
 Southern Australian species with stolon appendages were highly divergent from 
other Caulerpa species (Figs. 1 & 2). However, C. alternans, a southern Australian 
endemic with a smooth stolon also clustered with southern Australian species with 
stolon appendages (Fig. 1). Southern Australian species were also found to make up 
the majority of species in the lineage of species with vesiculate constricted ramuli 
(Figs. 1 & 2). Caulerpa cliftonii Harvey, which has a smooth stolon, does not belong 
to either of these sections but formed its own highly divergent monospecific lineage 




(Figs. 1 & 2).  
 The GMYC model provided a significantly better fit than a null model driven 
by coalescence only (confidence interval 40 – 81; LGMYC = 3371.605 > L0 =3361.659, 
p = 0.00017). The GMYC analysis delimited 61 species in the tufA dataset, with 
specimens from southern Australia found in 27 of those (Fig. 1). However, only 58 of 
these lineages had high PP support (> 0.95), although all 27 southern Australia 
lineages were well supported (Fig. 1). The extra lineages found by the GMYC 
analysis corresponded to an extra GMYC lineage in each of the C. chemnitzia (Esper) 
J.V. Lamouroux, C. macra (Weber-van Bosse) Draisma & Prud’homme and C. 
mexicana Sonder ex Kützing (Fig. 1).  
 With regards to the lineages containing southern Australian specimens, the 
majority of these corresponded to the currently accepted morpho-species that did not 
show high levels of intra-lineage morphological plasticity. However, a number of 
morpho-species (C. brachypus Harvey, C. flexilis and C. longifolia C. Agardh,) were 
represented by multiple, genetically distinct species (Figs. 1 & 2). Furthermore, the 
southern Australian specimens of C. hodgkinsoniae C. scalpelliformis (R. Brown ex 
Turner) C. Agardh and C. sedoides were genetically distinct from specimens of the 
same species collected outside of the region (Fig. 1). 
 In the tufA tree we found two distinct lineages that could be identified as 
containing C. hodgkinsoniae specimens (Fig. 1). The first included specimens from 
Victoria and South Australia (Fig. 3) and the second, specimens from northern New 
South Wales (Fig. 4). As the New South Wales specimens were collected just south 
of the type locality (Ballina, New South Wales) and were similar in appearance to the 
type specimen (Fig. 5), we designated specimens from that lineage as the true C. 




& Belton nom. nov. based on C. annulata Lucas nom. illeg. (Fig. 6). Caulerpa 
hodgkinsoniae and C. lucasii specimens differed in their ramuli morphology, stolon 
diameter (Figs. 3 & 4) and C. lucasii was also found to have pyrenoids associated 
with its chloroplasts (visible under light microscope), whereas these were absent in C. 
hodgkinsoniae.  
 Specimens identified as C. sedoides in southern Australian showed 
considerable variation in ramuli arrangement, from distichously to densely arranged 
on all sides of the rachis. Furthermore, we found no genetic distinction between 
specimens from southern Australia that were morphologically identified as C. 
sedoides, C. sedoides f. geminata and C. sedoides f. tasmanica Weber-van Bosse. 
Supposed C. sedoides specimens collected at Heron Island and Fiji (Figs 7–9) were 
genetically distinct from southern Australian C. sedoides specimens (Fig. 1), 
including those collected from close to the type locality (Kent I., Bass Strait). The 
tropical specimens were also genetically distinct from specimens that closely 
resembled the type specimen of C. sedoides f. geminata collected from the type 
locality (= Rottnest I., Western Australia). Furthermore, these specimens were also 
genetically distinct from other Caulerpa species with constricted vesiculate ramuli 
known from Australia (C. corynephora, C. fergusonii, C. lentillifera and C. opposita, 
Fig. 1). Interestingly, sequence data from specimens morphologically identified as C. 
sedoides from Norfolk Island clustered with the C. sedoides specimens from southern 
Australia, and not with the Heron Island and Fijian samples (Fig. 1, as C. 
coppejansii). Molecular data has also recently confirmed the presence of true C. 
sedoides in New Caledonia (T. Sauvage, pers. comm.) As such, although not from the 
southern Australian region, we believe that due to confusion over having two tropical 




species, C. coppejansii Belton & Prud’homme sp. nov. based on the Heron Island and 
Fijian specimens (see below).  
 Caulerpa flexilis var. muelleri and Caulerpa longifolia f. crispata (Harvey) 
Womersley were found to be genetically and morphologically distinct from their 
nominal infraspecific counterparts, i.e. C. flexilis and C. longifolia, respectively (Figs 
1, 2, 11–20). We therefore propose the reinstatement of C. muelleri and describe C. 
crispata (Harvey) Belton & Gurgel stat. nov., based on C. longifolia f. crispata, 
below. Caulerpa heterophylla, which closely resembles both C. flexilis and C. 
muelleri, was found to be sister to C. muelleri, although the relationship was poorly 
supported (PP = 0.58; Fig. 1). The C. flexilis specimen from Famà et al. (2002; 
AJ417970) formed a separate lineage (supported by GMYC and PP) to our C. flexilis 
and C. muelleri lineages (Fig. 1). 
 Our results support Belton et al. (2015) who found C. brachypus f. parvifolia 
to be distinct from C. brachypus, and thus reinstated C. parvifolia. However, in the 
present study, specimens morphologically identified as C. parvifolia from south-
western Australia and New South Wales (including Lord Howe and Norfolk Islands), 
formed two distinct lineages, supported by both markers and species delimitation 
methods (Figs. 1 & 2). Morphologically, specimens from these two lineages could 
not be distinguished from one another (Figs. 23 & 24).  
 Caulerpa scalpelliformis specimens from southern Australia (the type locality; 
no more specific details are known) were found to be unrelated to a C. scalpelliformis 
sequence (AJ417972) from Lebanon (Fig. 1). Furthermore, molecular results showed 
that, in many instances, specimens morphologically identified as C. scalpelliformis 
were actually C. remotifolia Sonder and that the distribution of C. remotifolia is more 




Molecular data not only confirmed the initial morphological identification of 
C. fergusonii (Fig. 25, JN851136) specimens from southwestern Australia, which is 
the first report of this species from southern Australia, but also found the distribution 
of C. corynephora to extend into south-western Australia (Fig. 26, GWS024470) 
confirming Harvey’s (1855) listing of the species from south-western Australia, 
although he later recorded the species for southern Australia as a synonym of C. 
cactoides (Harvey 1858). Both C. fergusonii and C. corynephora closely resemble C. 
cactoides (Turner) C. Agardh (Fig. 27) with the C. corynephora specimen (Fig. 26, 
GWS024470) initially being identified as C. cactoides. However, on closer 
inspection, it differed from C. cactoides by its smaller habit and ramuli mostly 
borne on successive rachis segments, as opposed to C. cactoides whose ramuli 
were usually separated by a naked segment of the rachis (compare Figs 25 and 
27). However, some C. cactoides specimens have ramuli borne on each 
successive rachis segments and thus DNA sequence data is the most reliable and 
accurate means to tell these species apart. Caulerpa fergusonii could be 
distinguished from C. cactoides and C. corynephora by its relatively short and 
broad ramuli, the absence of annulations at the base of the assimilators (Fig. 26) 
and lack of pyrenoids visible under the light microscope. 
 As with Jongma et al. (2013), we found a single nucleotide difference between 
C. taxifolia and C. taxifolia var. distichophylla specimens, which also formed 
separate clusters within the C. taxifolia lineage in the tufA alignment (not supported 
by GMYC, high PP values or rbcL data; Figs 1 & 2). The C. filiformis sequence from 
South Africa was found to be genetically identical (no bp differences) to the C. 
filiformis from Sydney, New South Wales (Fig. 1).  




population of C. cylindracea in Portland, Victoria, which was herein confirmed by 
molecular data (Fig. 1). 
 
Caulerpa coppejansii Belton & Prud’homme sp. nov. 
Figs 7–9 
DESCRIPTION: Stolon naked, 1.5–2.5 mm in diameter, pale light green to yellow in 
color; rhizoids, when present, 2–4 cm long, often composed of thick bushes of 
branched rhizoids at their ends; assimilators upright, 2–4 cm high, reaching 7 cm, 
bearing distichously arranged, opposite, ramuli; ramuli sub–sphaerical, 2.5–3.5 mm 
in diameter, clearly stalked. Pyrenoids present. 
HOLOTYPE: in BRI (ex. AD-A88473a), collected on 03 September 2008, at 30 m (Fig. 
7–9). 
ISOTYPES: AD-A88473b and AD-A88473c collected on 03 September 2008, at 30 m; 
AD-A88423, collected on 01 September 2008, at 30 m. 
TYPE LOCALITY: Wistari Channel, Heron Island, Queensland, Australia. 
DNA BARCODE (TUFA): KF649871, from type specimen (in BRI (ex. AD-A88473a) 
ETYMOLOGY: after the epithet honors Eric Coppejans who first suggested that there 
was a distinct tropical “C. sedoides” species (see Coppejans et al. 1998). 
DISTRIBUTION: Currently known from the Great Barrier Reef, Fiji and Papua New 
Guinea, but most likely also found in the South Pacific. 
SPECIMENS EXAMINED: Holotype and isotypes; DML40305, North Astrolabe Reef, 
Fiji; AD-A95458A and AD-A95458B, Heron Island, Australia (further details 
provide for each specimen in Table 3). We also examined the specimens from 
Coppejans et al. (1998): HEC10187, Motuporo Island, Papua New Guinea; 




COMMENTS: Caulerpa coppejansii specimens from the present study were genetically 
distinct from C. sedoides specimens from southern Australia as well as other known 
species from the region with oppositely arranged constricted vesiculate ramuli (i.e. C. 
annulata (now C. lucasii), C. cactoides, C. corynephora, C. fergusonii, C. 
hodgkinsoniae, C. lentillifera and C. opposita; Fig. 1) and thus deserves recognition 
as a distinct species. 
Caulerpa coppejansii is most likely the same as the C. sedoides specimens 
collected in Papua New Guinea (listed above) by Coppejans et al. (1998; listed as C. 
sedoides var. geminata in that study). Although Coppejans et al. (1998) initially 
thought these specimens were a distinct species (they suggested the name C. 
micropposita sp. nov. provis.), after observations of the type specimen of C. sedoides 
f. geminata (Coppejans et al. 1998, figs 15 & 16), they concluded that they “had 
collected specimens of this taxon in its most characteristic growth form”. However, 
morphological observations of the Papua New Guinea specimens, as well as the 
newly collected specimens from Heron Island and Fiji, showed that they could be 
distinguished from southern Australian C. sedoides, by their larger ramuli that were 
spherical to sub-spherical and arranged in two opposite rows (Figs. 7–9). However, 
C. sedoides specimens from Norfolk Island were almost identical in morphology to 
C. coppejansii and smaller specimens of C. opposita could easily be mistaken for C. 
coppejansii. Furthermore, pyrenoids were observed in C. coppejansii, C. sedoides 
and C. opposita and thus, the presence/absence of pyrenoids is not a useful character 
to distinguish between species. As such, we strongly suggest the use of DNA 





Reports of C. sedoides from India, Indonesia (Java and Semau), Mauritius, 
(Silva et al. 1996); Kenya (Coppejans et al. 1998); and Sri Lanka (Svedelius 1906; 
Silva et al. 1996) require verification as no sequence data were available from these 
localities and it is unknown how those specimens are related to C. coppejansii or C. 
sedoides. However, the fact that Norfolk Island and New Caledonian C. sedoides 
specimens clustered with C. sedoides specimens from southern Australia, and not 
with C. coppejansii, reports of C. sedoides from tropical waters could be legitimate.  
As we found no genetic distinction between specimens identified as C. 
sedoides, C. sedoides f. geminata and C. sedoides f. tasmanica in southern Australia, 
we see no reason for these forms to continue to be recognized. 
 
Caulerpa crispata (Harvey) Belton & Gurgel stat. nov. 
Figs 11–13, 15 
BASIONYM: Caulerpa harveyi var. crispata Harvey Phycologia Australica 2: pl. XCV 
(1859). 
SYNONYMS: Caulerpa curvifolia J. Agardh nomen nudum in J.B. Wilson (1882: 188), 
Caulerpa longifolia f. crispata (Harvey) Womersley (1950: 147). 
EXTENDED DESCRIPTION: Stolon relatively slender, 1–2 mm in diameter, naked, pale 
light green to yellow in color; assimilators medium green in color up to 30 cm high, 
simple or with a few, often clustered, branches produced several cm above the base; 
rachis terete, naked near the base, bearing irregularly placed, slender, 0.5–1 (–3) cm 
long and 200–300 µm in diameter, upwardly incurved, terete, ramuli with spiny tips. 
LECTOTYPE: TCD0011013, in TCD (see Fig. 13), designated here. 




DNA BARCODE (TUFA): KF649917 from specimen GWS016662, collected from Port 
Phillip Heads, Victoria, Australia. 
ETYMOLOGY: adapted from the Latin crispare, meaning to curl; referring to the 
strongly incurved and frequently curled nature of this species (Fig. 15). 
DISTRIBUTION: southern Australian endemic, from Jurien Bay, Western Australia to 
Wilsons Promontory, Victoria and around Tasmania.  
HABITAT: epilithic in rock pools and sheltered bays. 
SPECIMENS EXAMINED: Type specimen; AD-A89139, Jurien Bay, Western Australia; 
AD-A50856, Whitfords Beach, Perth, Western Australia; GWS025588, Rottnest 
Island, Western Australia; GWS025171, Canal Rocks, Western Australia; AD-
A87764, Coombra, Great Australian Bight, South Australia; AD-A79031, Kangaroo 
Island, South Australia; AD-A92236, Kangaroo Island, South Australia; 
GWS016662, Pt Lonsdale, Victoria; TCD0011013, Port Phillip Bay, Victoria; 
TCD0011015, Westernport Bay, Victoria; TCD0011014, Philip Island, Victoria; 
GWS016226, Boat Beach Harbor, Tasmania; AD-A42101, Bruny Island, Tasmania. 
Further details provide for each specimen in Table 3. 
COMMENTS: Figure 1 shows that specimens previously assigned to C. longifolia f. 
crispata (now C. crispata) are actually an independent sister species to C. longifolia 
and as such we propose this new combination. Caulerpa crispata can be 
morphologically distinguished from C. longifolia by its more slender stolon (1-2 mm 
versus 2–4 mm diameter) and assimilators with randomly arranged, upwardly 
incurved ramuli (Fig. 15) compared to the much larger assimilators of C. longifolia 
(up to 65 cm high), of which the ramuli are only slightly curved upwards and found 
in 4–6 distinct rows (Fig. 14). Morphological characteristics of C. crispata specimens 




the exception of some cases, especially those from Western Australia, which had 
assimilators producing a cluster of branches several cm (2–12) above the base and 
smaller, more closely arranged, ramuli (Fig. 12). Although Harvey (1858-1863) and 
Womersley (1984) noted that intergrades between C. longifolia and C. crispata (then 
as C. longifolia f. crispata) do occur, these were not observed during the present 
study.  
 
Caulerpa lucasii Prud’homme, Draisma & Belton nom. nov. 
Figs 3 & 6. 
REPLACED NAME: Caulerpa annulata A. Lucas Proceedings of the Linnean Society of 
New South Wales 56: 410 pl. 27 fig. 1 (1936), non Caulerpa annulata (Ettinghousen) 
W.P. Schimper (Schimper 1869: 159). 
TYPE LOCALITY: Port Arthur, Tasmania 
HOLOTYPE: NSW288774 (Fig. 6). 
ISOTYPES: NSW288775 and NSW288776. 
DNA BARCODE (TUFA): KF649876 from specimen AD-A88572, Sir Joseph Banks 
Islands Group, South Australia (Fig. 3). 
DISTRIBUTION: Southern Australia 
SPECIMENS EXAMINED: Holotype and isotypes; AD-A88572, Sir Joseph Banks Group, 
South Australia; AD-A93737, Portland, Victoria. Further details provided for each 
specimen in Table 3. 
COMMENTS: Genetic data showed the separation of C. hodgkinsoniae and specimens 
referable to C. annulata, a species that was synonymised with C. hodgkinsoniae by 
Millar & Kraft (1994). However, C. annulata Lucas cannot be used as it is a later 




(Schimper 1869:159 in Schimper 1869–1874; basionym Caulerpites annulatus 
Ettinghousen and now known as Keckia annulata (Ettinghousen) W.P. Schimper), 
thus making C. annulata Lucas illegitimate. As such we have proposed the name C. 
lucasii after the author who first described this species. Morphologically, we found 
C. lucasii and C. hodgkinsoniae to differ in ramuli L/B and stolon diameter (compare 
Figs 3–6, see Identification Key). Caulerpa lucasii was also found to have pyrenoids 
associated with its chloroplasts (visible under light microscope), whereas C. 
hodgkinsoniae did not.  
 Lastly, we suggest that future studies endeavor to collect C. articulata from 
New Zealand (type locality), a species that lacks pyrenoids (W.H. Prud’homme van 
Reine pers. obs. of type specimen) and is very similar in morphology to C. 




The present study represents the first molecular-based revision of southern 
Australia Caulerpa and, as with previous molecular investigations of Caulerpa, 
shows the genus to be more diverse than previously appreciated (de Senerpont Domis 
et al. 2003; Stam et al. 2006; Sauvage et al. 2013; Belton et al. accepted). Although 
the genus has been reported as displaying high levels of phenotypic plasticity, the 
majority of species found in southern Australia did not show much variation in their 
morphologies and could be distinguished morphologically (with the exception of 
some specimens of C. coppejansii/ C. opposita/ C. sedoides; C. corynephora/ C. 
cactoides and C. remotifolia/ C. scalpelliformis, as discussed above). Furthermore, as 




obtaining type locality sequences and sequences from across the known extent of the 
species range. Based on this, as well as a well-sampled molecular phylogeny, we are 
confident in describing three new species (C. coppejansii, C. crispata, C. lucasii) and 
reinstating C. parvifolia and C. muelleri (see more details on the latter two species 
below). An updated taxonomy and nomenclature (including reference tufA 
sequences) is provided in Table 2. Twenty-nine species, approximately one third of 
all known Caulerpa species in the world are now known from the region, further 
highlighting southern Australia as a significant macroalgal biodiversity hotspot 
(Phillips 2001).  
 Species endemic to southern Australian made up the majority of the so called 
‘species poor ancient lineages’ (sensu Famà 2002) of specimens with stolon 
appendages and specimens that have vesiculate ramuli with a constricted pedicel 
(Figs. 1 & 2). The fact that species in both these highly divergent lineages were 
mainly from southern Australia does appear to support Calvert et al. (1976) who, 
based on characters of plastid ultrastructure and the assumption that the large 
pyrenoid-containing chloroplast of members of the Section Sedoideae (sensu Weber-
van Bosse 1898: specimens which have vesiculate ramuli with a constricted pedicel) 
was the most primitive form, hypothesized that the warm-temperate waters of 
southern Australia were the geographic origin of the genus. However, the time 
calibrated phylogeny of the siphonous green algae by Verbruggen et al. (2009) shows 
that the C. flexilis/ Caulerpella ambigua lineage diverged from other Caulerpa 
species approximately 185 million years ago when the entire present-day southern 
Australia coastline was still connected to the Antarctic plate. Further work is clearly 





Our results agree with the phylogenetic trees of Verbruggen et al. (2009), 
which showed that Caulerpella ambigua is a sister lineage to the Araucarioideae/ C. 
cliftonii lineage and does not belong to a separate genus (Figs 1 & 2). However, as 
the two Caulerpella ambigua sequences available on GenBank represent different 
species, we suggest further work be undertaken before their reinstatement within 
Caulerpa. 
Caulerpa brachypus f. parvifolia specimens were found in two lineages 
corresponding to specimens from south-western Australia and New South Wales 
(including Lord Howe and Norfolk Islands). These lineages were also shown to be 
distinguished from C. brachypus sensu stricto by genetic data and by their smaller 
and more delicate habit (Figs 1, 22–23). With this in mind, we propose the 
reinstatement of C. parvifolia for specimens belonging to the New South Wales 
lineage (type locality) but do not describe the additional C. parvifolia lineage from 
Western Australia as the relationship between our lineage, and other delicate ligulate 
Caulerpa species (C. biserrulata Sonder, C. diligulata Kraft & A.J.K. Millar, C. 
spathulata Womersley & Bailey and C. subserrata Okamura as well as C. brachypus 
f. brasiliana A.B. Joly & Semir, C. brachypus f. nordestina Womersley & Semir and 
C. mauritiana Børgesen), remains unknown. However, as the description of C. 
parvifolia predates all these other delicate ligulate species, it would take priority if 
any of these species were shown to be genetically identical to C. parvifolia. 
Interestingly the aquarium trade specimens identified as C. brachypus in Stam et al. 
(2006) clustered with the C. parvifolia specimens from N.S.W. Furthermore, C. 
brachypus f. parvifolia has also been reported as invasive in Florida by Lapointe et 
al. (2006), but specimens from these populations are yet to be sequenced and further 




 We also propose the reinstatement of C. muelleri as a distinct species as it was 
distinguished from C. flexilis by genetic data (Figs 1 & 2) and by its strictly 
distichous second-order laterals and densely arranged ramuli that are always more 
robust (300 µm in diameter) and upwardly curved so as to overlap each other, 
compared to ramuli of C. flexilis (200 µm in diameter) which do not overlap (Figs. 
16–20). The morphological distinction between these taxa has been previously 
documented by Womersley (1984) who noted that “very few plants are intermediate 
between the above varieties”. In regards to the C. flexilis specimens used by Famà et 
al. (2002, AJ417970), which formed a separate lineage (supported by GMYC) to our 
C. flexilis and C. muelleri specimens, this specimen is presumed lost (W. 
Prud’homme van Reine, pers. infor.) and we cannot provide any comment on these 
sequences or specimens. However, the C. flexilis specimen used by Famà et al. 
(2002) is from the same sample later used by De Senerpont Domis et al. (2003, 
AJ512426), and therefore we suggest that future molecular studies on Caulerpa omit 
these sequences until vouchers are located. Caulerpa heterophylla, a species that 
closely resembles C. flexilis and C. muelleri but which is distinguished by its 
unforked ramuli and stolons covered with broad conical protuberances, was herein 
confirmed as a valid species by tufA sequence data (Fig. 1).  
Womersley (1984) believed that C. remotifolia (Figs. 28–30) and C. 
scalpelliformis (Fig. 31) were distinct in habit and in habitat, with the density of the 
ramuli being very variable in the former (Figs. 28–30). Indeed, the type specimens of 
these species are very distinct and could not be confused. However, data from the 
present study showed C. remotifolia to have a much larger geographic distribution 
than previously considered (Table 2), including exposed coastlines, and at times, to 




DNA sequence data seems to be the most accurate means of distinguishing between 
these two species. Unfortunately, C. ellistoniae, a species that closely resembles both 
C. remotifolia and C. scalpelliformis, was not found during the present study and its 
taxonomic status remains based on morphology alone.  
With regards to the two C. scalpelliformis lineages (Fig. 1), as the type 
locality for this species is the southern coast of Australia, it is likely that C. 
denticulata Decaisne (originally described from the Red Sea and currently regarded 
as C. scalpelliformis var. denticulata (Decaisne) Weber-van Bosse), should be 
reinstated and used to recognize specimens from outside southern Australia. 
However, we suggest that further collections should be obtained from the Red Sea in 
order to confirm the reinstatement of C. denticulata and to determine if they can be 
distinguished apart morphologically. 
In regards to C. fergusonii, our observations of older herbarium specimens 
(e.g. AD-A00127 and AD-A50563) of C. cactoides from Western Australia found a 
number of specimens lacking assimilators with an annulated base and corresponding 
to C. fergusonii (also alluded to by Womersley 1984: 269). It is therefore likely that 
this species has previously being simply overlooked by previous researchers due to 
its morphological similarity with C. cactoides (e.g. Womersely 1984; Huisman & 
Walker 1990). However, as both C. corynephora and C. cactoides have annulations 
at the base of their assimilators (Fig. 26 & 27), without sequencing herbarium 
specimens we are unable to confidently determine if C. corynephora has previously 
been overlooked in south-western Australia or has recently undergone a southward 
shift in its distribution (i.e. Wernberg et al. 2011).  
The discovery of a new population of C. cylindracea in Portland, Victoria 




concern as it is located at more than 600 km from Adelaide, South Australia, the only 
other populations of this species in south-eastern Australia (Womersley 2003). The 
fact that these adventive populations are found in shipping harbors, points to boating 
traffic as the most likely vector of introduction. As the potential distribution of this 
species encompasses the entire southern coastline of the Australian mainland, 
including northern Tasmania (Verbruggen et al. 2013), it is likely that the species 
will continue to spread to other localities unless stricter quarantine rules are put in 
place. 
Although originally described in 1841 from specimens collected in Cape 
Town, South Africa, C. filiformis is found around the Sydney and Wollongong 
regions of New South Wales where it was first recorded in 1922 (NSW723391) and 
has since also been reported from Peru (Acleto 1973). However, although there have 
been extensive collections by various phycologists in the temperate waters of 
Australia, no other C. filiformis populations have been found in the region besides 
those in New South Wales. Due to this very disjunct distribution, the lack of 
sequence divergence between South Africa and Australian populations (Fig. 1), and 
the fact that the temperate waters of Australia and South Africa share no other 
Caulerpa species in common, we suggest that further population level studies take 
place in order to better understand the true status of the populations in Australia and 
Peru. 
Lastly, although we were unable to collect and sequence some species known 
from southern Australia (e.g. C. ellistoniae), with the exception of C. articulata, our 
observations of herbarium material and type specimens of these non-sequenced 
species found that they could be easily distinguishable from other southern Australian 




providing an updated identification key to the Caulerpa of southern Australia below. 
However, although discussed in detail in the present study, we do not include C. 
brachypus and C. coppejansii as these species are not found in southern Australian 
waters. 
 
Revised Identification key for southern Australian Caulerpa (adapted from 
Womersley 1984). 
1 Assimilators without obvious lateral ramuli (although small marginal spines 
can be present) ................................................................................................ 2 
1. Assimilator with obvious ramuli ...................................................................... 3 
2  Assimilators small (< 5cm), leaf like, mostly with smooth margins ............... C. 
parvifolia 
2. Stolons robust, assimilators bifurcate with annulations at base ....... C. filiformis 
3  Ramuli compressed or terete (simple or branched), not vesiculate ................... 4 
3. Ramuli vesiculate, unbranched .......................................................................19 
4  Assimilator bearing distichous, simple, terete or compressed ramuli ............... 5 
4. Assimilator and/or secondary laterals bearing ramuli usually on all sides or in 
more than two rows; ramuli terete, simple or branched ..................................10 
5  Ramuli terete, linear, (1–) 1.5–2.5 (–3) mm long, and less than 0.5 mm in 
diameter, alternately arranged ........................................................ C. alternans 
5. Ramuli compressed ......................................................................................... 6 
6  Ramuli scattered, often absent, otherwise separated by at least their basal 
width, (2–) 4–6 (–10) mm long, 0.5–1 (–1.5) mm broad ............. C. remotifolia 
6. Ramuli regular and adjacent, separated by less than or about their basal width 7 




7. Rachis 2–8(– 10) mm broad, ramuli alternate, compressed, 3–10 mm long ..... 8 
8  Assimilator obviously branched, older ramuli separated by about the width of 
a ramulus, ramuli basally constricted ............................................C. ellistoniae 
8. Assimilator rarely branched, ramuli usually broadest at the base..................... 9 
9  Ramuli scalpelliform, usually curved on both sides, with small alternating 
ramuli present at apex of assimilator ..................................... C. scalpelliformis 
9. Ramuli convex on lower side, straighter on upper side, small alternating ramuli 
absent at apex of assimilator ....................................................... C. remotifolia 
10  Erect axes without second-order laterals but bearing simple or 1–4 times 
branched ramuli in rows or on randomly arranged on all sides .....................11 
10. Erect axes bearing numerous distichously or radially arranged second–order 
laterals, each of which bears numerous simple or furcate ramuli ..................15 
11  Ramuli unbranched .......................................................................................12 
11. Ramuli once or more branched ....................................................................14 
12  Ramuli in distinct longitudinal rows, relatively straight ...............................13 
12. Assimilator often branched as a cluster, ramuli not in distinct longitudinal 
rows, incurved, 1–3 cm long .......................................................... C. crispata  
13  Ramuli in 3 rows (2 when juvenile), 3–5 (–9) mm long ................... C. trifaria 
13. Ramuli usually in 5(4–6) rows, 0.5–1.5 cm long ......................... C. longifolia 
14  Ramuli once, or more usually twice, furcate near their base, rigid, straight to 
slightly curved, 1.5–4 mm long; stolon bearing simple ramuli 0.5–2.5 mm 
long ................................................................................................ C. brownii 
14. Ramuli 1–5 times laterally branched in their lower half, 1–3 cm long; stolon 
naked ............................................................................................. C. cliftonii 




15. Second-order laterals distichously arranged on erect axes ............................17 
16  Second-order laterals irregularly arranged around erect axes, 1–4 cm long, 
bearing usually simple ramuli 2–10 mm long, subdistichously to irregularly 
arranged; stolon covered with spinous ramuli ................................ C. obscura 
16. Ramuli once furcate usually near their base, 1–3 mm long, with a single or 
twinned spinous apex ....................................................................... C. flexilis 
17  Ramuli simple, stolons covered with broad conical protuberances ............... C. 
heterophylla 
17. Ramuli branched, stolon densely covered branched appendages ...................18 
18  Ramuli minute (0.2–0.5 mm long), much-branched and spinous, covering the 
thallus .............................................................................................. C. hedleyi 
18. Ramuli once furcate usually near their base, 1–3 mm long, with a single or 
twinned spinous apex ....................................................................  C. muelleri 
19  Ramuli distichously arranged on axes ...........................................................20 
19. Ramuli usually on all sides of axes, ..............................................................27 
20  Rachis without constrictions  ........................................................................21 
20. Rachis with constrictions ..............................................................................22 
21  Ramuli ovoid to elongate-ovoid, 3–7 mm long, usually L/B<2 ...... C. sedoides 
21. Ramuli terete, generally of similar diameter throughout, 5.0–13.5 mm in 
length, <1 mm in width  ................................................................... C. lagara 
22  Rachis without annulated stalk, ramuli subspherical, obovate to pyriform, 
slightly compressed, <1cm long, arising from every segment and often 
overlapping ................................................................................. C. fergusonii 




23  Plant robust, stolon coarse, >2 mm in diameter, ramuli clavate, with obvious 
pyrenoids .....................................................................................................24 
23. Plant delicate, stolon <2 mm in diameter, ramuli cylindrical to 10 mm long 
and 1–2 mm in diameter, without obvious pyrenoids  ..................................26 
24. Ramuli with rounded tip and base 6–9 mm long, 1.5–2.5 mm broad, 
uncommon ....................................................................................... C. lucasii  
24  Ramuli 3–10 mm broad ................................................................................25 
25  Stolon 3–5 mm diameter, ramuli 1–3 cm long, 3–10 mm broad often arising 
from every second segment, common .......................................... C. cactoides 
25  Stolon 2–3 mm in diameter, ramuli 0.5–1 cm long, 3–5 mm broad, arising 
from every segment, rare, tropical but known from south-western Australia C. 
corynephora 
26  Assimilators usually over 10 cm in height, narrow, constricted at attachment, 
ramuli approx. 10 mm long, <2 mm in diameter ......................... C. articulata 
26. Assimilators up to 5 cm in height, ramuli with obtuse tip, >8 mm long, 
approx. 1 mm in diameter .................................................... C. hodgkinsoniae 
27  Ramuli without constrictions, elongate clavate ........................  C. cylindracea 
27. Ramuli constricted, sub-spherical to ovoid, elongate-ovoid or pyriform, 
usually less than 4 mm long .........................................................................28 
28  Ramuli with a slight to prominent swollen base protruding from the axes, 
then constricted with a sub–spherical or ovoid terminal part ........................29 
28. Ramuli with the constriction adjacent to the axis, ovoid to clavate or ovoid–
pyriform .......................................................................................................30 
29  Ramuli with a prominent papillate base, subspherical above the constriction 




29. Ramuli with a slight, convex papilla from the axis, ovoid above the 
constriction and 1–2 mm long, 0.5–1.5 mm in diameter, fewer than 10 
around the rachis ....................................................................... C. vesiculifera 
30   Ramuli usually loosely and irregularly arranged, 2–6 around the rachis 
(subdistichous to radial), ovoid, L/B 1.5–2, (1.5–) 2–4 (–7) mm long, 1–3 
mm broad ...................................................................................... C. sedoides 
30. Ramuli densely arranged on the axes, touching, (6–) 8–14 around the rachis, 
0.7–1.5 mm long and 300–700(450) µm in diameter ....................................31 
31  More than 10 ramuli around the rachis broad ........................ C. simpliciuscula 
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Table 1. Accepted Caulerpa taxonomy from southern Australia prior to the present 
study 
Species Most recent reference 
C. alternans Womersley 1956: 364 Womersley 1984 
C. articulata Harvey in J.D. Hooker 1855b: 261 Huisman 2000 
C. brachypus Harvey 1860: 333 Price 2011 
C. brownii (C. Agardh) Endlicher 1843: 16 Womersley 1984 
C. cactoides (Brown ex Turner) C. Agardh 1817: 
xxiii 
Womersley 1984 
C. cliftonii Harvey 1863: LVII Womersley 1984 
C. cupressoides (H.West) C. Agardh 1817: xxiii Huisman & Walker 1990 
C. cylindracea Sonder 1845: 50 Belton et al. accepted 
C. ellistoniae Womersley 1955: 387, fig. 2 Womersley 1984 
C. flexilis J.V. Lamouroux 1813: 283, pl. 7, fig. Womersley 1984 
var. muelleri (Sonder) Womersley 1956: 367 Womersley 1984 
C. hedleyi Weber-van Bosse 1910: 1, pl. 1, figs. 1-
4 
Womersley 1984 
C. heterophylla I.Price, Huisman &  M.A. 
Borowitzka 1998: 12-14, Figs 3-7 
Price et al. 1998 
C. hodgkinsoniae J. Agardh 1887: 129 Millar & Kraft 1994 
C. lagara Carruthers, Walker &  Huisman 1993: 
595, fig. 16 
Carruthers et al. 1993 
C. longifolia C. Agardh 1823: 437 Womersley 1984 
f. crispata (Harvey) Womersley (1950: 147) Womersley 1984 




C. papillosa J. Agardh 1873: 42 Womersley 1984 
C. remotifolia Sonder 1853: 660 Womersley 1984 
C. scalpelliformis (R. Brown ex Turner) C. Agardh 
1817: XXII 
Womersley 1984 
C. sedoides (R. Brown ex Turner) C. Agardh 1817: 
XXIII 
Silva et al. 1996 
f. geminata (Harvey) Weber-van Bosse 1898: 
387-388 
Coppejans et al. 1998 
C. simpliciuscula (R. Brown ex Turner) C. Agardh 
1823: 439 
Womersley 1984 
var. laxa Womersley 1956: 370 Womersley 1984 
C. taxifolia (H.West) C. Agardh 1817: xxii Womersley 2003 
var. distichophylla (Sonder) Verlaque, 
Huisman & Procaccini  
Jongma et al. 2012 
C. trifaria Harvey 1863  lvii, pl. CCLXI Womersley 1984 




Table 2.  Updated list and nomenclature of Caulerpa species known from southern Australia with reference tufA accession numbers. 
Species not collected in the present study are shaded in grey. C. = Caulerpa. 






Port Phillip heads, 
Victoria 
 C. alternifolia J. Agardh 
Port Phillip heads, Victoria 
to the South Australian 
Gulfs 
KF649862 
C. articulata Harvey 
in J.D. Hooker 
1855b: 261 
East coast of New 
Zealand 
    
South-western Australia and 
New Zealand 
– 
C. brownii (C. 
Agardh) Endlicher 
1843: 16 
Kent Islands, Bass 
Strait 
C. selago var. brownii C. 
Agardh;  Chauvinia selago 
var. brownii (C. Agardh) 
Trevisan 
C. furcifolia J.D. Hooker & 
Harvey; Chauvinia 
furcifolia (J.D. Hooker & 
Harvey) Trevisan 
Perth, Western Australia to 




C. cactoides (Brown 
ex Turner) C. Agardh 
1817: xxiii 
Southern coast of 
Australia 
Fucus cactoides Brown ex 
Turner; Ahnfeldtia 
cactoides (Brown ex 
Turner) Trevisan; 
Chauvinia cactoides 
(Brown ex Turner) 
Kutzing 
C. cactoides var. gracilis 
G.Murray; Tricladia 
australis Decaisne 
Houtman Albrolhos Is., 
Western Australia around 
southern Australia and 
Tasmania to Ballina, New 
South Wales 
JN817650 
C. cliftonii Harvey 
1863: LVII 
Western Australia   
Houtman Albrolhos Is., 
Western Australia around 
southern Australia to Port 
Phillip heads, Victoria 
KF649854 
C. corynephora 




Caulerpa racemosa var. 
corynephora (Mont.) 
Weber-van Bosse 
Northern Australia south 






C. crispata (Harvey) 
Belton & Huisman 
stat. nov.  
Port Phillip heads, 
Victoria 
C. harveyi var. crispata 
Harvey; C. curvifolia J. 
Agardh ex Bracebridge 
Wilson (nomen nudum); C. 
longifolia f. crispata 
(Harvey) Womersley  
 
From Jurien Bay, Western 
Australia to Wilsons 




(H.West) C. Agardh 
1817: xxiii 
St Croix, Virgin 
Islands 
Fucus cupressoides Vahl; 
Chauvinia cupressoides 
(M.Vahl) Trevisan 
Chauvinia indica Sonder ex 
Kützing 1857 
C. triangularis Mazé & 
Schramm 
Widespread in tropical 
waters. In southern 
Australia, only known from 
a single specimen on 









New Caledonia around 







(Sonder) Kutzing; C. 
racemosa [var. 
laetevirens] f. cylindracea 
(Sonder) Weber-van 
Bosse; C. racemosa var. 
cylindracea (Sonder) 
Verlaque, Huisman & 
Boudouresque 
le Grand, Western Australia. 
Invasive in the 
Mediterranean Sea, Canary 
Islands, South Australia and 
Victoria. 




387, fig. 2 
Elliston, South 
Australia 
    
Rottnest I. and Cape 
Hamelin, Western Australia; 
Pearson I., Elliston, and 







Grunow ex G.Murray 
1891: 212, pl. 53, 
figs 1,2 
Sri Lanka   
In Western Australia from 
the Kimberley south to 
Canal Rocks. Also reported 
from India, Sri Lanka, 
Japan, Indonesia, Malaysia, 
the Philippines, Papua New 
Guinea and Fiji.  
JN851136 
C. filiformis (Suhr) 
Hering 1841: 91 
Algoa Bay, South 
Africa 
Amphibolis filiformis Suhr; 
Himandactylius filiformis 
(Suhr) Trevisan 
C. ligulata Harvey ex J. 
Agardh; C. flagelliformis 
var. ligulata (Harvey ex J, 
Agardh)Weber-van Bosse 
Around Sydney, New South 
Wales, the southern coast of 
South Africa and Peru 
FM956035 
C. flexilis J.V. 
Lamouroux 1813: 
283, pl. 7, fig. 3 
Esperance, Western 
Australia 
Chauvinia flexilis (J.V. 
Lamouroux  ex C. Agardh) 
Trevisan 
Fucus hypnoides R. Brown 
ex Turner; C. hypnoides (R. 
Brown ex Turner) C. 
Geraldton, Western 
Australia to Collaroy, New 






hypnoides (R. Brown ex 
Turner) Trevisan 
Tasmania. New Zealand 
(North Island). 
C. hedleyi Weber-
van Bosse 1910: 1, 




Rottnest I., Western 




I.Price, Huisman &  
M.A. Borowitzka 




    
Rottnest I. and Albany, 
Western Australia 
Victor harbor 
C. hodgkinsoniae J. 
Agardh 1887: 129 
(as C. hodkinsoniae) 
Richmond River, 
Ballina, New South 
Wales 




C. lagara Carruthers, 
Walker &  Huisman 
1993: 595, fig. 16 
Perth, Western 
Australia 
    
Swan River, Perth, Western 
Australia 
– 
C. longifolia C. 
Agardh 1823: 437 
Southern Australia  
Corradoria longifolia (J. 
Agardh) Trevisan; C. 
harveyi F.Mueller ex 
Harvey 
Eucla, Western Australia to 
Wilsons Promontory, 





Draisma & Belton 
Tasmania 
C. annulata A. Lucas nom. 
illeg. 
 
Sir Joseph Banks Is., S.A. to 
Walkerville, Victoria and 
around Tasmania 
KF649877 
C. muelleri Sonder 
1853: 661 
Rivoli Bay, South 
Australia 
C. hypnoides var. muelleri 
(Sonder) Weber-van 
Bosse; C. flexilis var. 
 
Rottnest Island, Western 
Australia to Waratah Bay, 













C. sonderi F. Mueller; C. 
obscura f. sonderi (Mueller) 
Weber-van Bosse 
Yanchep Beach, Western 
Australia to Walkerville, 
Victoria and around 
Tasmania. 
JN817645 
C. papillosa J. 
Agardh 1873: 42 
Queenscliff, Victoria   
Recherche Archipelago, 
Western Australia to 
Walkerville, Victoria and 
northern Tasmania 
KF649879 
C. parvifolia Harvey 
1860b, pl. 172 
Kiama, New South 
Wales 
C. brachypus f. parvifolia 
(Harvey) A.B. Cribb 1958: 
209 
 
New South Wales including 
the Norfolk I. and Lord 
Howe I. Specimens from 





Cape Naturaliste, Western 
Australia are most likely a 
different species. 
C. remotifolia 
Sonder 1853: 660 
Lefevre Pen., South 
Australia 
  
Jurien Bay, Western 
Australia to Westernport 
Bay, Victoria and northern 
Tasmania. 
KF649891 
C. scalpelliformis (R. 
Brown ex Turner) C. 
Agardh 1817: XXII 
Southern coast of 
Australia 
Fucus scalpelliformis R. 
Brown ex Turner; 
Corradoria scalpelliformis 
(R. Brown ex Turner) 
Trevisan 
 
Perth, Western Australia to 
Jervis Bay, New South 





C. sedoides (R. 
Brown ex Turner) C. 
Agardh 1817: XXIII 
Kent Islands, Bass 
Strait 
Fucus sedoides R. Brown 
ex Turner; Chauvinia 
sedoides (R. Brown ex 
Turner) Kützing 
 
Port Denison, Western 
Australia to Coffs Harbour, 
New South Wales (incl. 
Norfolk I.) and around 
Tasmania 
KF649888 
C. simpliciuscula (R. 
Brown ex Turner) C. 
Agardh 1823: 439 




Fucus simpliciuscula R. 
Brown ex Turner; 
Chauvinia simpliciuscula 
(R. Brown ex Turner) 
Kützing 
 
Port Denison, Western 
Australia to Wilson 











In calm sheltered waters. 
North coast of Kangaroo I., 
to Phillip I., Victoria and 
around Tasmania 
– 
C. taxifolia (H.West) 
C. Agardh 1817: xxii 
St. Croix, Virgin 
Islands 
Fucus taxifolius H.West  
Globally distributed in 
tropical waters. Invasive in 
Adelaide, South Australia, 
estuaries of southern New 






Western Australia C. distichophylla Sonder  
Ningaloo Reef south to 
Cape Naturaliste, Western 







Jongma et al. (2012) 
C. trifaria Harvey 
1863  lvii, pl. CCLXI 




Australia to Western Port, 







C. simpliciuscula var. 
vesiculifera Harvey 
C. ethelae Weber-van Bosse 
Shark Bay, Western 
Australia to Phillip I., 








Table 3. Collection data and GenBank accessions for newly sequenced specimens of Caulerpa from the present study. All specimens 
were collected in Australia unless specified (Vic.=Victoria; SA=South Australia; WA=Western Australia, NSW=New South Wales; 
Qld=Queensland). AD-A specimens are housed in AD; DML specimens are housed in US; GWS specimens are housed in UNB; HV 
specimens are housed in GENT; L specimens are housed in L; and PERTH specimens are housed in PERTH (abbreviations follow 
Holmgren et al. 1990). 
     GenBank accession no. 
Species Voucher Location Collection date Collector tufA rbcL 
C. alternans AD-A88966 drift, Lacepede Bay, SA 06 May 2009 R.N. Baldock KF649862 – 
C. brachypus TS0518 
Tomioka, Amakusa, 
Kumamoto Prefecture, Japan 
17 May 2010 A. Kurihara KF649910 – 
C. brachypus TS0523 
Izumo, Kushimoto, 
Wakayama Prefecture, Japan 
10 June 2010 A. Kurihara KF649909 – 
C. brownii AD-A74759 
Mexican Hat, Great 
Australian Bight, SA 
25 Sept. 2008 






C. brownii AD-A89132 Hamelin Bay, WA 09 Dec. 2009 
M. Thomsen & T. 
Wernberg 
KF649858 – 
C. brownii AD-A92244 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649856 KF649933 




C. cactoides GWS016222 Boat Harbour Beach, Tas. 27 Jan. 2010 
G.W. Saunders, K. 
Dixon & L. Kraft 
JN851133 – 
C. cactoides AD-A74763 
Coombra, Great Australian 
Bight, SA 
25 Sept. 2008 
F. Gurgel & R.N. 
Baldock 
JN817650 – 
C. cactoides GWS024974 Cosy Corner, WA 10 Nov. 2010 
G.W. Saunders & K. 
Dixon 
JN851134 KF649951 
C. cliftonii AD-A93731  Pt. Lonsdale, Vic. 09 Nov. 2011 






C. cliftonii AD-A79076 Kangaroo Island, SA 07 Feb. 2008 
F. Gurgel & K. 
Dixon 
KF649854 KF649930 
C. coppejansii BRI (tbd) 
Heron I., Great Barrier Reef, 
Qld. 
01 Sep. 2008 
F. Gurgel, R. Dixon 
& J.M. Huisman 
KF649871 – 
C. coppejansii DML40154 North Astrolab Reef, Fiji 17 Feb. 1996 
D. Littler, M. Littler 
& B. Brooks 
KF649872 – 
C. coppejansii AD-A95458A 
Heron I., Great Barrier Reef, 
Qld. 
Sept. 2012 G.S. Belton KF649880 – 
C. coppejansii AD-A95458B 
Heron I., Great Barrier Reef, 
Qld. 
Sept. 2012 G.S. Belton KF649881 – 
C. corynephora GWS024470 Little Beach, WA 07 Nov. 2010 
G.W. Saunders & K. 
Dixon 
JN851135 – 
C. corynephora PERTH08292590 Long Reef, Kimberley, WA 21 Oct. 2010 J.M. Huisman JN817653 – 





C. crispata GWS025171 Canal Rocks, WA 11 Nov. 2010 
G.W. Saunders & K. 
Dixon 
KF649916 – 
C. crispata GWS016662 
The Springs, Point Lonsdale, 
Vic. 
02 Feb. 2010 
G.W. Saunders, L. 
Kraft & K. Dixon 
KF649917 – 
C. crispata GWS016226 Boat Harbour Beach, Tas. 27 Jan. 2010 
G.W. Saunders, K. 
Dixon & L. Kraft 
KF649918 – 
C. crispata AD-A89139 Hamelin Bay, WA 09 Dec. 2009 
M. Thomsen & T. 
Wernberg 
KF649912 KF649955 
C. crispata AD-A92236 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649913 KF649956 
C. cylindracea GWS025468 Pt. Peron, WA 09 Nov. 2010 
G.W. Saunders & K. 
Dixon 
KF649921 – 
C. cylindracea GWS025467 Pt. Peron, WA 09 Nov. 2010 






C. cylindracea AD-A93727 O' Sullivans Beach, SA 07 Apr. 2011 
G. Belton, W.M. 






C. cylindracea AD-A98125 Portland Harbor, Vic 17 Nov. 2011 C. White KF649903 – 
C. fergusonii GWS025196 Canal Rocks, WA 11 Nov. 2010 
G. Saunders & K. 
Dixon 
JN851136 KF649942 
C. fergusonii GWS025259 Geographe Bay, WA 12 Nov. 2010 
G. Saunders & K. 
Dixon 
JN851137 – 
C. fergusonii AD-A93587 Rottnest Island, WA 17 Nov. 2010 G. Belton KF649870 – 
C. filiformis AD-A95186 Botany Bay, NSW 18 Feb. 2012 
F. Gurgel, W. Grant 
& S. Taylor 
KF649902 – 












C. flexilis GWS015249 Burying Ground Point, Tas. 21 Jan. 2010 
G.W. Saunders & K. 
Dixon 
JN851146 KF649938 
C. flexilis AD-A79649 Kangaroo I., SA 10 Feb. 2008 
F. Gurgel & K. 
Dixon 
KF649867 – 
C. flexilis GWS024748 Cape Leeuwin, WA. 09 Nov. 2010 
G.W. Saunders & K. 
Dixon 
KF649866 – 
C. flexilis AD-A92238 Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649865 KF649939 
C. hedleyi GWS025664 Rottnest I., WA 18 Nov. 2010 






C. hedleyi AD-A89143 Marmion, WA Nov. 2009 
M. Thomsen & T. 
Wernberg 
KF649869 KF649929 
C. heterophylla  Victor Harbour, SA Dec 2012  TBD  
C. hodgkinsoniae GWS032688 Coffs Harbour, NSW 10 Dec. 2012 
G. Filloramo & L. 
Kraft 
KF649883 – 
C. hodgkinsoniae GWS032711 Coffs Harbour, NSW 11 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649884 – 
C. lentillifera PERTH08292655  
Montgomery Reef, 
Kimberley, WA 
22 Oct. 2009 R. Dixon JN817649 – 
C. longifolia AD-A92232 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649914 KF649953 
C. longifolia AD-A93781 Port Macdonnell, Vic. 13 Nov. 2011 
G. Belton & R. 
Dixon 
KF649915 KF649954 




C. lucasii AD-A93737 Portland, Vic. 14 Nov. 2011 
G. Belton & R. 
Dixon 
KF649877 – 
C. muelleri GWS016521 Stanley Breakwater, Tas. 29 Jan. 2010 
G. Saunders, L. 
Kraft & K. Dixon 
KF649863 KF649936 
C. muelleri AD-A92239 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
JN817643 KF649937 
C. muelleri AD-A74721 Kings Head, SA 09 Nov. 2007 
F. Gurgel & C. 
Ricci 
JN817644 KF649935 
C. muelleri GWS025334 Canal Rocks, WA 11 Nov. 2010 
G. Saunders & K. 
Dixon 
KF649864 KF649934 
C. obscura GWS016619 Point Lonsdale, Vic 02 Feb. 2010 
G. Saunders, L. 
Kraft & K. Dixon 
JN817644 – 
C. obscura AD-A90909 Pt Peron, WA 04 June 2010 






C. obscura GWS024445 Little Beach, WA 07 Nov. 2010 
G. Saunders & K. 
Dixon 
JN851145 – 
C. obscura AD-A92237 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
JN817645 KF649940 
C. opposita AD-A92544 
Lizard Island, Great Barrier 
Reef, Qld. 
Sept. 2010 
G. Belton & M. 
Marklund JN817647 
KF649949 
C. opposita L03-038 Berau Archipelago, Indonesia Oct. 2003 
W. Prud’homme 
van Reine & L.N. de 
Senerpont Domis 
FM956026 – 
C. papillosa AD-A92242 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649879 KF649952 
“C. parvifolia” GWS025307 Canal Rocks, WA 11 Nov. 2010 






“C. parvifolia” AD-A93919 Geographe Bay, WA 12 Nov. 2010 
G. Belton & R. 
Dixon 
KF649924 KF649963  
C. parvifolia GWS023177 Lord Howe Island, NSW 22 Nov. 2010 
G. Saunders & K. 
Dixon 
KF649927 – 
C. parvifolia GWS032313 Norfolk Island, NSW 01 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649926 – 
C. parvifolia GWS032309 Norfolk Island, NSW 01 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649908 – 
C. parvifolia GWS032319 Norfolk Island, NSW 01 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649907 – 
C. parvifolia GWS032622 Coffs Harbour, NSW 09 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649905 KF649964 
C. parvifolia GWS032623 Coffs Harbour, NSW 09 Dec. 2012 






C. parvifolia GWS032634 Coffs Harbour, NSW 09 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649904 – 
C. remotifolia GWS025195 Canal Rocks, WA 11 Nov. 2010 
G. Saunders & K. 
Dixon 
KF649920 KF649961 
C. remotifolia GWS025258 Eagle Bay Bommie, WA 12 Nov. 2010 
G. Saunders & K. 
Dixon 
KF649919 – 
C. remotifolia AD-A89138 Jurien Bay, WA 12 Dec. 2009 
M. Thomsen & T. 
Wernberg 
KF649892 KF649959 
C. remotifolia AD-A92285 
American River, Kangaroo I., 
SA 
27 Feb. 2011 
G. Belton & T. 
Spokes 
KF649891 KF649960 
C. remotifolia AD-A92287 
American River, Kangaroo I., 
SA 
27 Feb. 2011 
G. Belton & T. 
Spokes 
KF649894 – 
C. remotifolia AD-A93751 Port Philip Bay, Vic. 10 Nov. 2011 










C. scalpelliformis GWS015575 Nine Pin Point, Tas. 22 Jan. 2010 
G.T. Kraft & L. 
Kraft 
KF649898 KF649957 
C. scalpelliformis AD-A92213 
Pennington Bay, Kangaroo I., 
SA 
24 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649895 – 
C. scalpelliformis AD-A92252 
Vivonne Bay, Kangaroo I., 
SA 
25 Feb. 2011 
G. Belton, R. Dixon 
& T. Spokes 
KF649897 KF649958 
C. scalpelliformis HV2246 Flinders, Vic. 27 Nov. 2009 H. Verbruggen KF649896 – 
C. sedoides f. tasmanica GWS015273 Burying Ground Point, Tas. 21 Jan. 2010 
G. Saunders & K. 
Dixon 
KF649889 KF649945 
C. sedoides GWS016227 Boat Harbour Beach, Tas. 27 Jan. 2010 
G. Saunders, K. 





C. sedoides GWS016545 Stanley Breakwater, Tas. 29 Jan. 2010 
G. Saunders, L. 
Kraft & K. Dixon 
KF649887 – 
C. sedoides GWS025332 Canal Rocks, WA 11 Nov. 2010 
G. Saunders & K. 
Dixon 
KF649890 KF649946 
C. sedoides GWS032239 Norfolk Island, NSW 29 Nov. 2012 
G. Saunders & K. 
Dixon 
KF649885 – 
C. sedoides GWS032273 Norfolk Island, NSW 30 Nov. 2012 
G. Saunders & K. 
Dixon 
KF649882 – 
C. sedoides GWS032314 Norfolk Island, NSW 01 Dec. 2012 
G. Saunders & K. 
Dixon 
KF649886 – 
C. sedoides f. geminata AD-A87725 Pt. Peron, WA 27 Apr. 2009 
M. Thomsen & T. 
Wernberg 
KF649969 KF649947 
C. simpliciuscula AD-A92243 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 






C. simpliciuscula AD-A89133 Jurien Bay, WA 11 Dec. 2009 
M. Thomsen & T. 
Wernberg 
KF649873 KF649943 
C. simpliciuscula GWS015874 Tinderbox, Tas. 23 Jan. 2010 
G.W. Saunders & K. 
Dixon 
KF649874 – 
C. taxifolia AD-A94929 Port River, Adelaide, SA 08 Dec. 2011 
W. Grant & S. 
Taylor 
KF649899 KF649966 
C. taxifolia var. 
distichophylla 
AD-A89134 Jurien Bay, WA 11 Dec. 2009 
M. Thomsen & T. 
Wernberg 
KF649900 KF649965 
C. taxifolia var. 
distichophylla 
GWS025589 Rottnest I., WA 17 Nov. 2010 
G. Saunders & K. 
Dixon 
KF649925 – 
C. trifaria AD-A92257 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 
G. Belton & F. 
Gurgel 
KF649860 KF649932 
C. trifaria AD-A88364 Pt Peron, WA 27 Mar. 2009 






C. trifaria AD-A79664 Kangaroo Island, SA 10 Feb. 2008 
F. Gurgel & K. 
Dixon 
KF649859 – 
C. vesiculifera AD-A92234 Hanson Bay, Kangaroo I., SA 25 Feb. 2011 









Fig. 1. Phylogenetic tree of Caulerpa based on a Bayesian Inference analysis of 335 
tufA sequences (820 nt) showing GMYC lineages supported by long branch/high 
posterior probabilities. Southern Australian species are in larger bold font and 
numbers at nodes correspond to posterior probabilities resulting from the Bayesian 
analysis. Boldface = newly obtained sequences. * indicates proposed reference 









Fig. 2. Phylogenetic tree of Caulerpa based on a Bayesian Inference analysis of 83 
rbcL sequences (677 nt). Numbers above branches correspond to posterior 
probabilities resulting from Bayesian Inference analysis. Boldface = newly 








Figs. 3–6. Caulerpa lucasii nom. nov. and C. hodgkinsoniae 
Fig. 3. Characteristic specimen of C. lucasii (previously C. annulata; AD-
A88572). Scale bar = 20 mm 
Fig. 4. Characteristic specimen of C. hodgkinsoniae (GWS032711). Scale bar = 
15 mm 
Fig. 5. Image of holotype specimen of C. hodgkinsoniae (LD Herb. Agardh 
16587). Scale bar = 20 mm 
Fig. 6. Image of lectotype specimen of C. lucasii (NSW288774, as C. annulata). 








Figs. 7–10. Caulerpa coppejansii sp. nov. and Caulerpa sedoides 
Fig 7. Image of the holotype specimen of C. coppejansii (in BRI). Scale bar = 3 
cm.  
Fig 8. In-situ image of C. coppejansii (AD-A88473b) taken on 03 Sept. 2008 at 
28 m in the Wistari Channel, Heron Island, Australia.  
Fig 9. Detail of the sub-spherical and opposite ramuli of C. coppejansii (in 
BRI). Scale bar = 0.5 mm. 
Fig 10. Western Australian specimen of C. sedoides (GWS025322) similar in 










Figs 11–15. Caulerpa crispata stat. nov. and Caulerpa longifolia. 
Fig. 11. Habit of a characteristic specimen of C. crispata (previously C. longifolia 
f. crispata; AD-A92236). Scale bar = 20 mm. 
Fig. 12.  Western Australian specimen of C. crispata with distinctive clustered 
branching (AD-A93870). Scale bar = 20 mm. 
Fig. 13. Image of holotype specimen of C. crispata (TCD0011013, as C. harveyi 
var. crispata). Scale bar = 5 mm. 
Fig. 14. Details of ramuli of C. longifolia (AD-A92232) in distinct rows. Scale 
bar = 0.5 mm. 
Fig. 15. Details of randomly arranged and incurved ramuli of C. crispata (AD-








Figs. 16–20. Caulerpa muelleri and Caulerpa flexilis. 
Fig. 16. General habit of C. muelleri (previously C. flexilis var. muelleri) 
showing distichously arranged ramuli (AD-A92239). Scale bar = 20 mm. 
Fig. 17. Type specimen of C. muelleri (MEL503815). Scale bar = 30 mm. 
Fig. 18. Densely arranged and upwardly curved ramuli of C. muelleri (AD-
A92239). Scale bar = 1 mm. 
Fig. 19. Habit of C. flexilis (AD-A92238). Scale bar = 30 mm. 
Fig. 20. Arrangement and detail of ramuli of C. flexilis (AD-A92238). Scale bar 









Figs. 21–24. Caulerpa brachypus and Caulerpa parvifolia. 
Fig. 21. Image of the holotype specimen of C. brachypus (TCD0011061). Scale 
bar = 10 mm 
Fig. 22. Image of the holotype specimen of C. parvifolia (BM000515886). 
Scale bar = 10 mm 
Fig. 23. Characteristic specimen of C. parvifolia from New South Wales 
(GWS032622). Scale bar = 20 mm 
Fig. 24. Characteristic specimen of C. parvifolia from Western Australia (AD-









Figs. 25–27. Caulerpa corynephora, Caulerpa fergusonii & Caulerpa cactoides 
Fig. 25. Characteristic specimen of C. fergusonii (AD-A93587) from Western 
Australia with relatively short and broad ramuli and lacking annulations at the 
base of the assimilator. Scale bar = 20 mm  
Fig. 26. General habit of C. corynephora (GWS024470) specimen from south-
western Australia. Scale bar = 25 mm 












Figs 28–31. Caulerpa remotifolia and Caulerpa scalpelliformis.  
28. Detail of specimen of C. remotifolia with densely packed ramuli 
(GWS025258). Scale bar = 20 mm. 
29. Characteristic specimen of C. remotifolia with scattered ramuli (AD-
A92285). Scale bar = 20 mm. 
30. Detail of specimen of C. remotifolia lacking ramuli (AD-A92287). Scale bar 
= 20 mm. 









Chapter 5: Improving transferability of introduced species’ 
distribution models: new tools to forecast the spread of a 




































































This thesis has been written as a selection of manuscripts, either 
published, or in preparation for submission for publication. Each chapter has its 
own discussion where results are considered in light of the chapter aims and 
associated literature. Here, in this final chapter, I present a more cohesive 
synthesis of the overall contribution of this body of work to our understanding of 
the taxonomy of Caulerpa and in so doing, provide what we consider, best 
practice framework for integrating historical nomenclature into molecular 
taxonomies in the face of many challenges (e.g. type specimen unavailable, 
usable DNA cannot be extracted and amplified from type specimens etc…). 
Chapter 2 developed this best practice framework by tackling the most 
taxonomically troublesome taxa of Caulerpa: the 30+ described varieties and 
forms currently associated with C. racemosa and C. peltata. Unsurprisingly, 
results confirmed some serious mismatches between morphological and 
molecular species concepts with our molecular results revealing the presence of 
11 distinct species within the complex, five of which showed high levels of 
phenotypic plasticity (C. chemnitzia, C. cylindracea, C. lamourouxii, C. oligophylla 
and C. racemosa) and partial overlap with other species. On the basis of an in-
depth morphological examination of each species clade, as well as observations 
of a large number of herbarium specimens, including type 
specimens/descriptions, and geographic inferences, we were able to confidently 
designate names for the lineages and describe a number of new species and 
make a large number of taxonomic changes. For examples, C. peltata, C. imbricata  
and C. racemosa  vars. laetevirens, occidentalis  and turbinata  were found to 




earlier-described C. chemnitzia , previously regarded as a synonym of C. 
racemosa  var. turbinata , was reinstated. Furthermore, we were able to provide 
the proper species name for one of the most notorious invasive seaweeds of the 
world (= C. cylindracea) as well as show it to have a native distribution 
throughout the tropical Indo-Pacific. 
Using the framework developed in Chapter 2, Chapters 3 and 4 examined 
the diversity of Caulerpa in North-western Australia and Southern Australia, 
respectively. A large number of specimens were newly collected and a number of 
species sequenced for the first time (e.g. C. agardhii). Results indicated an 
underestimation of Caulerpa diversity in both regions and a number of 
taxonomic changes were made, including new species descriptions (e.g. C. 
coppejansii). One of the most important findings was a newly reported 
population of the highly invasive C. cylindracea in the waters around Portland, 
Victoria in Chapter 4. 
In Chapter 5, with an accurate DNA barcode for C. cylindracea (based on 
results from Chapters 2 and 4), we were able to use all available Genbank 
records, as well as newly obtained data, to obtain an accurate global distribution 
(native and invasive) for the species. We then developed species distribution 
models to predict the future spread of the species. This approach identifies areas 
at risk from potential future invasion, including along the coasts of western 
Europe, western Africa and the south coast of Australia.  This work also allowed 
us to demonstrate that occurrence records from the native and invasive ranges 
should be combined to produce models with higher predictive power. 
In general, although we resolved a large number of taxonomic issues, 




is still poorly understood, with a number of other species complexes still in need 
of investigation, especially C. brachypus and C. verticillata. This lack of an 
accurate understanding of the Caulerpa genus is surprising given that it is a well-
known and distinctive genus with a number of infamous invasive species and 
some instances, a high level of ecological importance. In a broader sense, our 
data clearly suggests that one should not assume that because two individuals 
look alike, they are going to belong to the same species because a substantial 
proportion of species can be expected to be cryptic or not all species will have 
unique morphologies.  This has consequences for how field-work is carried out. 
Rather than sampling one or a few individuals of each morphological type, we 
should move to a sampling design where many individuals of similar 
morphology are investigated in detail and with the assistance of molecular data. 
This will allow for more accurate biodiversity estimates and thus improved 
conservation management and decision-making. Although we base this 
conclusion on our studies on Caulerpa, it is likely true for a large proportion of 
other algal groups as one can only imagine how poorly understood are other 
more cryptic or uncommon algal groups.  
Finally, I feel it is important to highlight the limitations of our study in 
order to generate further debate in order to find solutions or reduce 
uncertainties. Most obviously, we were unable to sequence any type specimens 
and obtain newly collected material from several type localities. Also, as pointed 
out by Verbruggen (2014), we did not formally quantify morphological variation 
or use statistical tools to match the morphology of types with that of sequenced 
samples. We do agree that in doing so, we would have reduced uncertainty 




possibility that some of the applied names will need to be revised in the future or 
that multi-marker work may alter some of the species boundaries. But, as stated 
by Verbruggen (2014) “the Pareto principle states, 80% of the effects come from 
20% of the causes, or translated to this situation, a majority of correct conclusions 
can be reached with limited information”. It is therefore our opinion that, through 
careful consideration and pragmatic decision-making, the methodologies 
developed in these chapters provide a tool for taxonomists to revise taxonomies 
to the best of their abilities, with limited information and in the face of 
uncertainty. Any move to increase the speed of taxonomic work is important as 
molecular data continues to reveal an overwhelming diversity of algal species at 
a rate far greater than formal descriptions are being made and extinction rates 





Verbruggen, H. Morphological complexity, plasticity, and species name 
diagnosiability in the application of old species names in DNA-based taxonomies. 
J. Phycol. 50:26–31. 
 





Appendix 1: Molecular diversity of the Caulerpa 
racemosa–Caulerpa peltata complex (Caulerpaceae, 
Bryopsidales) in New Caledonia, with new Australasian 








































Appendix 2: A re-assessment of the infra-generic 
classification of the genus Caulerpa (Caulerpaceae, 
































































Fig. S1. Bayesian Inference results derived from the combined tufA and rbcL DNA 3 
sequence dataset (38 taxa, 1,771 nt) for Caulerpa. Numbered lineages correspond to 4 
those of Fig. 3. Values at internal nodes are BI posterior probabilities (PP) and ML 5 
bootstrap percentages (BP), respectively. PP values below 0.5 and BS values below 6 
50 are not shown.  The scale is 0.02 expected changes per site. 7 









Fig. S2. Phylogram of taxa belonging to Caulerpa based on Bayesian relaxed 11 
molecular clock analyses of the same tufA dataset as Fig. 3. Caulerpa racemosa-12 
peltata complex taxa are in boldface. Lineage 6 (C. chemnitzia) represents three 13 
GMYC lineages and Lineage 4 (C. macra) represents two “long branches and high 14 
support” lineages. Numbers at branch nodes correspond to BI posterior probabilities 15 
(PP) and ML bootstrap percentages (BP). PP values below 0.5 and BS values below 16 
50 are not shown. The scale is 0.03 expected changes per site. 17 
 18 









Fig. S3. (A) Type specimen of Caulerpa racemosa var. gracilis (Zanardini) Weber-22 
van Bosse from Tor, Sinai Peninsula, Egypt (originally described as C. clavifera var. 23 
gracilis Zanardini), currently regarded as a heterotypic synonym of C. racemosa var. 24 
lamourouxii f. requienii (Montagne) Weber-van Bosse. Specimen TCD0011042. (B) 25 
Type specimen of Caulerpa clavifera var. nudiuscula Zanardini (given as nudicaulis), 26 
from Red Sea, Egypt. This taxon is currently regarded as a heterotypic synonym of C. 27 
racemosa var. lamourouxii f. requienii (Montagne) Weber-van Bosse. Specimen 28 
TCD0011044. Both scale bars = 40 mm. 29 
 30 




  32 




Fig. S4. (A) Type specimen of C. racemosa var. laetevirens (Montagne) Weber-van 34 
Bosse from Toud Island, Torres Strait, Australia (originally described as C. 35 
laetevirens Montagne but now regarded as C. chemnitzia (Esper) J. V. Lamouroux). 36 
(B) Specimen of Caulerpa racemosa var. occidentalis (J.Agardh) Børgesen 37 
(originally described as C. chemnitzia var. occidentalis J.Agardh but now regarded as 38 
C. chemnitzia (Esper) J. V. Lamouroux) from a folder in Herbarium Agardh (LD) 39 
labeled: “syntypes of ß occidentalis”. Specimen collected from Vera Cruz (16789). 40 
Scale bars: A = 50 mm; B = 40 mm. 41 
 42 









Fig. S5. Syntype specimen of C. imbricata G.Murray from Sri Lanka, now regarded 46 
as a heterotypic synonym of C. chemnitzia (Esper) J. V. Lamouroux. Specimen: 47 
BM000569448.  48 
 49 









Fig. S6. (A) The supposed syntype specimen of Caulerpa racemosa var. turbinata 53 
(J.Agardh) Eubank from the Red Sea, Egypt (originally described as C. clavifera var. 54 
turbinata J.Agardh but now regarded as C. chemnitzia (Esper) J. V. Lamouroux). As 55 
J. Agardh did not annotate which specimens he used when described new taxa, we 56 
cannot be sure that this is the true type specimen. Specimen 16753a from LD. (B) 57 
Syntype specimen of C. peltata var. exigua Weber-van Bosse (BM000841593) 58 
collected from the Cooks Islands. (C) One of the syntype specimens of C. peltata var. 59 
stellata (Harvey ex J.Agardh) Weber-van Bosse (BM001044725) collected from 60 
Tonga. Scale bar: A = 20 mm; C = 30 mm. 61 
 62 









Fig. S7. Type specimen of C. racemosa var. uvifera (Turner) Weber-van Bosse (as 66 
Fucus uvifer Turner nom. illeg.) from the Red Sea, currently regarded as a heterotypic 67 
synonym of C. racemosa (Forrskål) J. Agardh. Specimen: BM000569472. Scale bar = 68 
50 mm.  69 
 70 
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Fig. S8. Type specimen of C. racemosa var. clavifera Weber-van Bosse (as Fucus 74 
clavifer Turner) from the Red Sea, currently regarded as a heterotypic synonym of C. 75 
racemosa (Forrskål) J. Agardh. Specimen: BM000569148.  76 









Table S1: GenBank accessions, herbarium accessions and collection details of newly sequenced Caulerpa specimens.  80 
Taxon Voucher Collection site Collection date tufA rbcL 
Morphological 
identification 




Oct. 2010 JN817667 - 
C. racemosa var. 
laetevirens 
 PERTH08292701  Cassini I., Australia Oct. 2010 JN817669 KF256123 





Oct. 2009 JN817668 - 
C. racemosa var. 
laetevirens 
 AD-A92551 Lizard I., Australia Sept. 2010 KF256105 KF256118 
C. racemosa var. 
laetevirens 
 GWS023897 Lord Howe I., Australia Nov. 2010 JN851142 - 
C. racemosa var. 
laetevirens 




 AD-A92587 Lizard I., Australia Sept. 2010 JN817672 KF256119 
C. racemosa var. 
laetevirens 
 AD-A89144 
Houtman Abrolhos Is., 
Australia 
Oct. 2009 KF256104 KF256122 
C. racemosa var. 
laetevirens 
 AD-A91615 Ningaloo, Australia May 2010 JN817670 KF256121 C. peltata 
 AD-A90831 Heron I., Australia Nov. 2009 JN817671 - C. peltata 
 CWS008555 St George’s, Bermuda Aug. 2010 KF256099 - 
C. racemosa var. 
occidentalis 
 CWS008366 
Blue cut channel, 
Bermuda 
Aug. 2010 KF256100 KF256120 C. peltata 
 DML70471 Exumas, Bahamas July 2009 KF256106 - 
C. racemosa var. 
occidentalis 
 L0712298 
Raja Ampat, West 
Papua, Indonesia 
Dec. 2007 FM906061 -  C. peltata 






Matara, Sri Lanka 
 
Jan. 2006 KF256101 - 





Sept. 2006   KF256108 - 
C. racemosa var. 
laetevirens 




Sept. 2006  KF256107 - 
C. racemosa var. 
laetevirens 




June 2008 JN817673 KF256125 





Oct. 2009 JN817678 KF256124 
C. racemosa var. 
cylindracea 
 AD-A88114 Lizard I., Australia April 2008 JN817676 - 








June 2009 JN817674 - 
C. racemosa var. 
cylindracea 




Oct. 2009 JN817682 - 
C. racemosa var. 
lamourouxii 
 PERTH08292620 Long Reef, Australia Oct. 2010 JN817684 KF256113 






Oct. 2009 JN817680 KF256115 
C. racemosa var. 
lamourouxii 
 PERTH08292647 
Long Reef, Kimberley, 
Australia 
Oct. 2010 JN817681 KF256114 





June 2009 JN817683 - 







Marsa Alam, Red Sea, 
Egypt 
Dec. 2011 KF256083 - 
C. racemosa var. 
lamourouxii 
 HV03464 
Marsa Alam, Red Sea, 
Egypt 
Dec. 2011 KF256082 - 
C. racemosa var. 
lamourouxii 
 HV03481 
Marsa Alam, Red Sea, 
Egypt 
Dec. 2011 KF256080 - 
C. racemosa var. 
lamourouxii 
 HV03477 
Marsa Alam, Red Sea, 
Egypt 
Dec. 2011 KF256081 - 
C. racemosa var. 
lamourouxii 
 PERTH08428220 
Cassini I., Kimberley, 
Australia 
Oct. 2010 KF256084 - 
C. racemosa var. 
lamourouxii f. 
requienii 





Oct. 2003 KF256089 - 





 LNR13a0109 Northern Reefs, Palau Mar. 2009 KF256088 - 
C. racemosa var. 
macra 
 L 0925909 Chuuk Island, Micronesia 
Aug. 2008 FR848345 - 
C. racemosa var. 
macra 
 SGAD1012338 Silawa I., East Sabah, Borneo 
Dec. 2010 - FR848358 
C. racemosa var. 
macra 




Sept. 2006  KF256094 - 




Jakarta, Indonesia - 
Sept 2006  KF256093 - 





Sept 2006  KF256092 - 






Raja Ampat, West 
Papua, Indonesia 
Dec. 2007 KF256095 - 
C. racemosa var. 
macrodisca 
 PERTH08292663 
Long Reef, Kimberley, 
Australia 
Oct. 2010 KF256090  
C. racemosa var. 
macrodisca 
 AD-A88056 Lizard I., Australia April 2008 JN817666 KF256127 
C. racemosa var. 
macrodisca 
C. megadisca Belton & Gurgel sp. nov. (Lineage 8) 
 AD-A92609 Lizard I., Australia Sept. 2010 JN817656 KF256126 





Mar. 1996 KF256091 - 
C. racemosa var. 
macrodisca 
 AD-A90107 (holotype) Lizard I., Australia Feb. 2009 JN817657 - 
C. racemosa var. 
macrodisca 
C. nummularia Harvey ex J. Agardh (Lineage 7) 




 GWS023933 Lord Howe I., Australia Nov. 2010 JN851138 - C. peltata 
 AD-A91369 Heron I., Australia Nov. 2009 JN817685 KF256116 C. peltata 
 DML40015 Dravuni, Fiji Feb. 1996 KF256098 - C. peltata 
 GWS023180 Lord Howe I., Australia Nov. 2010 JN851140 - C. peltata 
C. oligophylla Montagne (Lineage 2) 
 SGAD0712229 
Raja Ampat, W. Papua, 
Indonesia 
Dec. 2007  KF256087 - 
C. racemosa var. 
lamourouxii 
 AD-A95457 Heron I., Australia Sept. 2012 KF256085 KF256112 





Sept. 2006 KF256086 - 
C. racemosa var. 
lamourouxii 








 DML60836 Pelican Cays, Belize May 2001 KF256096 - C. racemosa 
 L0789171 
Raja Ampat, West 
Papua, Indonesia 




Sept. 2006  FM956019 - 









Oct. 2009 JN817665 - C. racemosa 
 AD-A92441 Lizard I., Australia Sept. 2010 JN817661 KF256109 C. racemosa 
 PERTH08292736 
Long Reef, Kimberley, 
Australia 
Oct. 2010 JN817659 KF256111 
C. racemosa var. 
macrophysa 




 AD-A91592 Ningaloo, Australia May 2010 JN817660 KF256110 
C. racemosa var. 
macrophysa 
 AD-A90071 Lizard I., Australia Feb. 2009 JN817664 - 






Table S2. GenBank sequences used in the tufA and rbcL alignments. Updated names are only provided for taxa previously assigned to the C. 
racemosa–C. peltata complex. 
GenBank Accession Marker Original published or GenBank name Updated name Publication details 
AB038483 rbcL C. brachypus - Hanyuda et al. (2000) 
AB038484 rbcL C. okamurae - Hanyuda et al. (2000) 
AB038485 rbcL C. racemosa f. macrophysa C. racemosa Hanyuda et al. (2000) 
AB038486 rbcL C. racemosa C. macrodisca Hanyuda et al. (2000) 
AB054008 rbcL C. cupressoides - Hanyuda et al. Unpublished data 
AB054009 rbcL C. lentillifera - Hanyuda et al. Unpublished data 
AB054010 rbcL C. nummularia C. nummularia Hanyuda et al. Unpublished data 
AB054011 rbcL C. racemosa var. lamourouxii C. oligophylla Hanyuda et al. Unpublished data 
AB054012 rbcL C. racemosa f. occidentalis C. chemnitzia Hanyuda et al. Unpublished data 
AB054013 rbcL C. scalpelliformis - Hanyuda et al. Unpublished data 
AB054014 rbcL C. sertularioides - Hanyuda et al. Unpublished data 




AB054016 rbcL C. taxifolia - Hanyuda et al. Unpublished data 
AB054017 rbcL C. webbiana - Hanyuda et al. Unpublished data 
AB700356 rbcL C. subserrata - Maeda et al. (2012) 
AB700357 rbcL C. serrulata - Maeda et al. (2012) 
AB700358 rbcL C. racemosa var. clavifera C. oligophylla Maeda et al. (2012) 
AJ417928 tufA C. cupressoides - Famà et al. (2002) 
AJ417929 tufA C. cupressoides - Famà et al. (2002) 
AJ417930 tufA C. cupressoides - Famà et al. (2002) 
AJ417931 tufA C. serrulata  - Famà et al. (2002) 
AJ417932 tufA C. serrulata - Famà et al. (2002) 
AJ417933 tufA C. serrulata - Famà et al. (2002) 
AJ417934 tufA C. brachypus 1. - Famà et al. (2002) 
AJ417935 tufA C. subserrata (C. brachypus 1) - Famà et al. (2002) 
AJ417936 tufA C. taxifolia - Famà et al. (2002) 




AJ417938 tufA C. taxifolia - Famà et al. (2002) 
AJ417939 tufA C. taxifolia - Famà et al. (2002) 
AJ417940 tufA C. taxifolia var. distichophylla  - Famà et al. (2002) 
AJ417941 tufA C. ashmeadii - Famà et al. (2002) 
AJ417942 tufA C. prolifera - Famà et al. (2002) 
AJ417943 tufA C. prolifera - Famà et al. (2002) 
AJ417944 tufA C. sertularioides - Famà et al. (2002) 
AJ417945 tufA C. sertularioides - Famà et al. (2002) 
AJ417946 tufA C. sertularioides - Famà et al. (2002) 
AJ417947 tufA C. racemosa var. macrophysa C. racemosa Famà et al. (2002) 
AJ417948 tufA C. racemosa var. peltata C. chemnitzia Famà et al. (2002) 
AJ417949 tufA C. racemosa var. peltata C. chemnitzia Famà et al. (2002) 
AJ417950 tufA C. racemosa C. chemnitzia Famà et al. (2002) 
AJ417951 tufA C. mexicana - Famà et al. (2002) 




AJ417953 tufA C. mexicana - Famà et al. (2002) 
AJ417954 tufA C. racemosa var. lamourouxii C. oligophylla Famà et al. (2002) 
AJ417955 tufA C. racemosa var. cylindracea C. cylindracea Famà et al. (2002) 
AJ417956 tufA C. racemosa var. macrophysa C. racemosa Famà et al. (2002) 
AJ417957 tufA C. racemosa var. turbinata C. lamourouxii Famà et al. (2002) 
AJ417958 tufA C. webbiana - Famà et al. (2002) 
AJ417959 tufA C. lanuginosa - Famà et al. (2002) 
AJ417960 tufA C. geminata - Famà et al. (2002) 
AJ417961 tufA C. microphysa - Famà et al. (2002) 
AJ417962 tufA Caulerpa sp. - Famà et al. (2002) 
AJ417963 tufA Caulerpella ambigua - Famà et al. (2002) 
AJ417964 tufA C. filiformis - Famà et al. (2002) 
AJ417965 tufA C. paspaloides - Famà et al. (2002) 
AJ417966 tufA C. webbiana - Famà et al. (2002) 




AJ417968 tufA C. geminata - Famà et al. (2002) 
AJ417969 tufA C. cactoides - Famà et al. (2002) 
AJ417970 tufA C. flexilis - Famà et al. (2002) 
AJ417971 tufA C. scalpelliformis 1 - Famà et al. (2002) 
AJ417972 tufA C. scalpelliformis 2 - Famà et al. (2002) 
AJ417973 tufA C. selago - Famà et al. (2002) 
AJ512411 tufA C. serrulata var. serrulata - de Senerpont Domis et al. (2003) 
AJ512412 tufA C. serrulata var. serrulata - de Senerpont Domis et al. (2003) 
AJ512413 tufA C. racemosa ecad. rac-cor-lam C. oligophylla de Senerpont Domis et al. (2003) 
AJ512415 tufA C. racemosa ecad. laet-turb-pelt C. chemnitzia de Senerpont Domis et al. (2003) 
AJ512417 tufA C. racemosa var. mucronata C. racemosa de Senerpont Domis et al. (2003) 
AJ512418 tufA C. racemosa var. mucronata C. racemosa de Senerpont Domis et al. (2003) 
AJ512419 tufA C. sertularioides f. longipes - de Senerpont Domis et al. (2003) 
AJ512420 tufA C. sertularioides f. brevipes - de Senerpont Domis et al. (2003) 




AJ512422 tufA C. sertularioides f. brevipes - de Senerpont Domis et al. (2003) 
AJ512426 tufA C. flexilis - de Senerpont Domis et al. (2003) 
AJ512466 tufA C. cupressoides var. lycopodium - de Senerpont Domis et al. (2003) 
AJ512468 rbcL C. serrulata var. serrulata - de Senerpont Domis et al. (2003) 
AJ512469 rbcL C. serrulata var. serrulata - de Senerpont Domis et al. (2003) 
AJ512470 rbcL C. cupressoides var. lycopodium - de Senerpont Domis et al. (2003) 
AJ512471 rbcL C. cupressoides var. lycopodium - de Senerpont Domis et al. (2003) 
AJ512472 rbcL C. racemosa ecad. laet-turb-pelt C. chemnitzia de Senerpont Domis et al. (2003) 
AJ512473 rbcL C. racemosa ecad. laet-turb-pelt C. chemnitzia de Senerpont Domis et al. (2003) 
AJ512474 rbcL C. racemosa var. mucronata C. racemosa de Senerpont Domis et al. (2003) 
AJ512475 rbcL C. racemosa var. mucronata C. racemosa de Senerpont Domis et al. (2003) 
AJ512476 rbcL C. sertularioides f. longipes - de Senerpont Domis et al. (2003) 
AJ512477 rbcL C. sertularioides f. brevipes - de Senerpont Domis et al. (2003) 
AJ512478 rbcL C. sertularioides f. longipes - de Senerpont Domis et al. (2003) 




AJ512480 rbcL C. racemosa ecad. rac-cor-lam C. oligophylla de Senerpont Domis et al. (2003) 
AJ512481 rbcL C. racemosa ecad. rac-cor-lam C. oligophylla de Senerpont Domis et al. (2003) 
AJ512482 rbcL C. racemosa ecad. rac-cor-lam C. oligophylla de Senerpont Domis et al. (2003) 
AJ512483 rbcL C. racemosa ecad. rac-cor-lam C. oligophylla de Senerpont Domis et al. (2003) 
AJ512484 rbcL C. racemosa ecad. rac-cor-lam C. oligophylla de Senerpont Domis et al. (2003) 
AJ512485 rbcL C. flexilis - de Senerpont Domis et al. (2003) 
AY942170 rbcL C. sertularioides - Lam and Zechman (2006) 
AY942171 rbcL C. paspaloides - Lam and Zechman (2006) 
AY942173 rbcL C. prolifera - Lam and Zechman (2006) 
DQ652329 tufA C. cupressoides - Stam et al. (2006) 
DQ652330 tufA C. cupressoides - Stam et al. (2006) 
DQ652345 tufA C. cupressoides - Stam et al. (2006) 
DQ652346 tufA C. serrulata - Stam et al. (2006) 
DQ652350 tufA C. serrulata - Stam et al. (2006) 




DQ652354 tufA C. brachypus 2 - Stam et al. (2006) 
DQ652355 tufA C. brachypus 2 - Stam et al. (2006) 
DQ652356 tufA C. taxifolia - Stam et al. (2006) 
DQ652361 tufA C. taxifolia - Stam et al. (2006) 
DQ652362 tufA C. ashmeadii - Stam et al. (2006) 
DQ652365 tufA C. ashmeadii - Stam et al. (2006) 
DQ652368 tufA C. ashmeadii - Stam et al. (2006) 
DQ652372 tufA C. prolifera - Stam et al. (2006) 
DQ652385 tufA C. prolifera - Stam et al. (2006) 
DQ652390 tufA C. prolifera - Stam et al. (2006) 
DQ652393 tufA C. sertularioides - Stam et al. (2006) 
DQ652395  tufA C. sertularioides - Stam et al. (2006) 
DQ652400 tufA C. sertularioides - Stam et al. (2006) 
DQ652405 tufA C. sertularioides - Stam et al. (2006) 




DQ652409 tufA C. sertularioides - Stam et al. (2006) 
DQ652414 tufA C. sertularioides - Stam et al. (2006) 
DQ652420 tufA C. racemosa C. racemosa Stam et al. (2006) 
DQ652422 tufA C. racemosa C. racemosa Stam et al. (2006) 
DQ652424 tufA C. racemosa C. racemosa Stam et al. (2006) 
DQ652425 tufA C. racemosa C. racemosa Stam et al. (2006) 
DQ652426 tufA C. racemosa C. nummularia Stam et al. (2006) 
DQ652428 tufA C. racemosa C. macrodisca Stam et al. (2006) 
DQ652465 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652466 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652467 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652468 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652470 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652474 tufA C. racemosa C. chemnitzia Stam et al. (2006) 




DQ652485 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652486 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652487 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652488 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652490 tufA C. racemosa C. chemnitzia Stam et al. (2006) 
DQ652494 tufA C. racemosa C. oligophylla Stam et al. (2006) 
DQ652495 tufA C. racemosa C. cylindracea Stam et al. (2006) 
DQ652496 tufA C. lanuginosa - Stam et al. (2006) 
DQ652499 tufA C. paspaloides - Stam et al. (2006) 
DQ652520 tufA C. microphysa - Stam et al. (2006) 
DQ652521 tufA C. microphysa - Stam et al. (2006) 
DQ652525 tufA C. verticllata - Stam et al. (2006) 
DQ652530 tufA C. verticllata - Stam et al. (2006) 
DQ652532 tufA C. flexilis - Stam et al. (2006) 




FJ810424 tufA C. integerrima - Wynne et al. (2009) 
FJ810425 tufA C. integerrima - Wynne et al. (2009) 
FJ810426 tufA C. bartoniae - Wynne et al. (2009) 
FM956026 tufA C. filiformis - Sauvage et al. (2013) 
FM956043 tufA C. racemosa-peltata C. oligophylla Sauvage et al. (2013) 
FM956044 tufA C. racemosa-peltata C. oligophylla Sauvage et al. (2013) 
FM956045 tufA C. racemosa-peltata C. racemosa Sauvage et al. (2013) 
FM956046 tufA C. racemosa var. cylindracea C. macra Sauvage et al. (2013) 
FM956047 tufA C. racemosa var. cylindracea C. macra Sauvage et al. (2013) 
FM956048 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
FM956051 tufA C. racemosa-peltata C. racemosa Sauvage et al. (2013) 
FM956052 tufA C. racemosa-peltata C. racemosa Sauvage et al. (2013) 
FM956053 tufA C. racemosa-peltata C. macrodisca Sauvage et al. (2013) 
FM956054 tufA C. racemosa-peltata C. macrodisca Sauvage et al. (2013) 




FM956056 tufA C. racemosa-peltata C. chemnitzia Sauvage et al. (2013) 
FM956057 tufA C. racemosa-peltata  C. chemnitzia Sauvage et al. (2013) 
FM956058 tufA C. racemosa-peltata  C. chemnitzia Sauvage et al. (2013) 
FM956059 tufA C. racemosa-peltata  C. chemnitzia Sauvage et al. (2013) 
FM956060 tufA C. racemosa-peltata  C. chemnitzia Sauvage et al. (2013) 
FM956075 tufA C. racemosa-peltata C. macrodisca Sauvage et al. (2013) 
GU571201 tufA C. taxifolia var. distichophylla - Jongma et al. (2013) 
GU592621 tufA Ulvophyceae C. nummularia Händeler et al. (2010) 
GU592622 tufA Ulvophyceae C. nummularia Händeler et al. (2010) 
GU592606 tufA Ulvophyceae C. nummularia Händeler et al. (2010) 
GU592619 tufA Ulvophyceae C. nummularia Händeler et al. (2010) 
JN645149 tufA C. racemosa-peltata C. megadisca Sauvage et al. (2013) 
JN645150 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN645151 tufA C.  taxifolia - Sauvage et al. (2013) 




JN645153 tufA C.  taxifolia - Sauvage et al. (2013) 
JN645154 tufA C. racemosa-peltata C. megadisca Sauvage et al. (2013) 
JN645155 tufA C. racemosa var. cylindracea C. macra Sauvage et al. (2013) 
JN645156 tufA C. racemosa var. cylindracea C. macra Sauvage et al. (2013) 
JN645157 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN645158 tufA C. racemosa-peltata C. oligophylla Sauvage et al. (2013) 
JN645159 tufA C. racemosa-peltata Caulerpa sp. Sauvage et al. (2013) 
JN645160 tufA C. racemosa-peltata C. chemnitzia Sauvage et al. (2013) 
JN645161 tufA C. racemosa-peltata C. chemnitzia Sauvage et al. (2013) 
JN645162 tufA C. racemosa-peltata C. chemnitzia Sauvage et al. (2013) 
JN645163 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN645164 tufA C. racemosa-peltata C. macra Sauvage et al. (2013) 
JN645165 tufA C. racemosa var. cylindracea C. macrodisca Sauvage et al. (2013) 
JN645166 tufA C. racemosa-peltata C. oligophylla Sauvage et al. (2013) 




JN645168 tufA C. racemosa-peltata C. oligophylla Sauvage et al. (2013) 
JN645169 tufA C. racemosa-peltata C. racemosa Sauvage et al. (2013) 
JN645170 tufA C. racemosa-peltata C. oligophylla Sauvage et al. (2013) 
JN645171 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN645172 tufA C.  urvilleana - Sauvage et al. (2013) 
JN645173 tufA C. racemosa-peltata C. nummularia Sauvage et al. (2013) 
JN645174 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN645175 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN817675 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN817677 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN817679 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JN851143 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JQ894931 tufA C. racemosa var. cylindracea C. cylindracea Sauvage et al. (2013) 
JQ894932 tufA C. racemosa-peltata Caulerpa sp. Sauvage et al. (2013) 




JX185603 tufA C. taxifolia var. distichophylla - Jongma et al. (2013)  
JX185604 tufA C. taxifolia var. distichophylla - Jongma et al. (2013)  
JX185605 tufA C. taxifolia var. distichophylla - Jongma et al. (2013)  
JX185610 tufA C. taxifolia var. distichophylla - Jongma et al. (2013)  
JX185611 tufA C. taxifolia var. distichophylla - Jongma et al. (2013)  
JX185614 tufA C. taxifolia var. distichophylla - Jongma et al. (2013)  
JX185615 tufA C. racemosa var. cylindracea C. cylindracea  Jongma et al. (2013)  





Table S3. Nomenclature details of taxa discussed in the present study. 
Lineage New taxonomy 
Previous 
taxonomy 




(Turner) C. Agardh 
C. racemosa var. 
lamourouxii 
(Turner) Weber-
van Bosse, 1898: 
368, pl. XXXII, 
figs 1-7, pl. 




1819: 79, pl. 229 
Turner, D. 1811-1819. Fuci ….. Vol. 4. 












Montagne, J. P. F. C. 1842. Prodromus 
Generum Specierumque Phycearum 
Novarum in itinere ad Polum Antarcticum 
…. Paris. p. 14 
Toud Island [Warrior 















Weber-van Bosse, A. 1913. Liste de algues 
du Siboga. I. Myxophyceae, 
Chlorophyceae, Phaeophyceae avec le 
concours de M. Th. Reinbold. Vol. 59a, p. 
107, fig. 26 
Fau Island, close to 




cylindracea Sonder  







Sonder, G. 1845. Nova algarum genera et 
species, quas in itinere ad oras occidentales 
Novae Hollandiae, collegit L. Priess, Ph. 
Dr. Bot. Zeitung (Berlin) 3: 49–57 
Western Australia 
  
C. racemosa f. 
complanata (J. 
Agardh) Weber-
van Bosse, 1898: 
C. complanata 
J.Agardh  
Agardh, J. G. 1873. Till algernes 
systematik. Nya Bidrag. Lunds Univ. 
Årsskr. 9: 33 

















Esper, E. J. C. 1800. Icones fucorum 
…..Vol. 1 Part 4., Raspe, Nürnberg, Tab. 
88-111, pp. 167-217  
 





1809b, 145 & pl.3, 
fig. 2a, 2b 
 
Lamouroux, J.V. 1809a. Observations sur 
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